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IPP POSITION PAPER

Introduction

On December 1980 the Utah Department of Health DOH
issued the Intermountajn Power Project IP an approval order

to build the four-unit 3000 MW Intermountain Generating

Station IGS That order included emission limits reflecting
the degree of emission reduction attainable by best available

control technology BACT These BACT limits were specified

for sulfur dioxide S02 nitrogen oxides NOx and

particulate emissions and were based upon the determination of
the emission levels that could be attained by control

technology which was available in 1980 IPP proceeded to make

design procurement and substantial financial commitments to

meet the design objectives established by the 1980 BACT

emission limits

On June 1983 -- shortly after IPP announced that IGS

would be reduced from four units to two units -- the DOH

requested additional information on the feasibility and costs

of retrofitting alternative methods for controlling S02 and NOx

emissions at IPPs IGS The information was requested to aid

DON in its decision to re-evaluate its 1980 BACT

determinations On July 1983 representatives met with

DOH staff At that meeting possible changes in the BACT

emission limits for S02 and NOx were identifed by DON staff
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Th purpo8 of this memorand is twofold First itreiterates IPP legal position opposing BACT re-review forIGS Second it summarizes the legal policy and technical
reasons why the current emission limits in the Ipp permit
represent BACT for IGS and explains why the proposed controlequipment will assure compliance with the current permit
limitations

This memorandum is Supported by extensive technical
analyses In June IPP Submitted to DOR KVBg June 1983 reportentitled Technical Evaluation of Alternative NOx Control
Technologjest the KVB Report and Black Veatchs June 1983report entitled Cost Analysis of Various NOx and S02 Control
Technologies for the Intermountain Power Project the Black
Veatch Report Attached to this Position Paper are additionaltechnical analyses and other relevant information Attachrent
is supplemental KVB report entitled Review and Evaluation ofMill Creek Unit and A.B Brown Unit NOx Data the
Supplemen KVB Report Attachment is an ERT reportentitled Effects of NOx Emissions from the Proposed Inter-
mountain Power Project on Deposition and Surface Water Acidification in the Wasatch and Uinta Mountai5 Cramers July1983 letter to James Anthony responding to comments by the Utah

Chapter of the Sierra Club on IPPs NOx emissjoa5 is Attachment
Attachment is the April 1980 Study by the Los Angeles
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Department of Water and Power entitled Study for Particulate
Control

Precipitatorg and Fabric
Filters__Intermountain Power Project The Department of Waterand Power study entitled The Specification Design of High
Availability Boilers for the Intermountain Power Project is
Attachment Attachment is Survey by the Utility Data
Institute UDI concerning NOx emission limits imposed on otherbitumjnous coal-fired power plants Attachment is July1983 memorandum from Black Veatch

concerning S02 removal
costs per ton of S02 removed Finally Attachment is 1978
memorandum from EPA entitled BACT Information for Coal-fired
Power Plants

II IPPs Position Concerning DONs CurrentBACT Inquiry

IPP believes that it is inconsistent with the law and
otherwise inappropriate for DOH to re-review the BACT limits
for the IPPs Intermountain

Generating Station An
administrative

agency like the DON does not have the inherent
authority to reopen or reconsider final permit or license
COfldjtjo sua pnte It can reopen permit only if that
specific power is conferred upon the agency by the express
terms of the statute creating the agency or if

See e.g Pacheo Clark 44 Cal App 2d 149 112
P.2d 6T19l1y aEint clear intention of the legislau to
vest agency with continuing jurisdiction the Agency had no
power to alter or modify its orders

-3-
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substantial change in circumstances or fraud is shown.V

Moreover to the extent that an agencys authority to modify an
effective permit or license iB unclear the presumption must be
that the agency does not have such authorjty.V

The following sections summarize the facts of this case
and then set out the limits of DOHs rereview authority under
state law

Summary of the Facts

The BACT limits in the IGS permit were established in
the June 1980 U.S Environmental Protection Agency EPA
prevention of significant deterioration of air quality PSD
permit and in the December 1980 DOH air quality approval
order The BACT limits were based upon comprehensive anaiyseà

2/ Cf Clean Air Act 307b Oljato Chapter ofNavajo ibe Train 515 F.2d 654 662 D.C Cir 1975 newinformation may cast doubt on validity of order that was validwhen issued Carisso McGoldrick 133 NYS2d 531 1954stating that fraud is inherently sufficient basis for reviewby an administrative body of its own order MilesMcKinney 174 Md 551 199 540 1938 Atlantic Refining CoZoning Board of Appeals 142 Conn 64 lii A.2d 1955Willmont Liquors Inc Rohan Misc 2d 768 149 NYS2d 8741956 reversal by the State Liquor Authority of itsdetermination denying an application to transfer license toother premises which was merely change of mind unsupportedby new or additional evidence without changed Condition washeld to exceed the power of the administrative agency althoughthe reversal occurred within days of the originaldetermination

2JCAB Delta Airlines 367 U.S 316 323-25 1961

-4-

IPI 1_001354



of the
emission limits that could be attained by source

making design and procurement commitments 1980 At the time
the permits were issued though none of the major control
equipment had been selected nor had boiler manufacturer been
chosen The IPP permit applications indicated that the IPP

preliminary design called for lime scrubber to control S02
emissions and an electrostatic precipitator ESP to control
particulate matter emissions IPP also gave the DOH and EPA
preliminary design data on low NOx boilers including maximum
heat input value

Based on the comprehensive data available concerning
emission limits that could be met by source making design and
equipment commitments in 1980 the PSD permit and the state
approval order imposed BACT limitations which required for
sulfur dioxide 90 percent removal and mass emission limit
of 0.15 pounds per million Btu for particulate matter

limit of 0.02 pounds per million Btu and for NOx
limit of 0.55 pounds per million Btu on 30-day

YThe state approval order established mass emissionlimit of 0.155 pounds per million Btu based upon the analysisset out below The EPA permit set limit of 0.1.5 pounds permillion Btu basis on rough now outdated emission factorsIPP has designed the IGS units to meet the more stringent limitof 0.15 pounds per million Btu
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average.J All the IGS BACT emission limits are more stringentthan the limits set by EPA in June of 1979 when after anextensive rulemaking effort to determine the control capabilitiesof available technology and the costs of imposing such
technology EPA established new Source performance StandardsNSPS for coal-fired power plants

After issuance of these EPA and DOH permits IPP completedcontrol equipme studies issued bids for the major items ofequipment and began the coal procurement process After
discussions with DOH IPP made final decisi05 on refinements andmodifications to the pre1jmina design of the control Systemsfor particulate matter and S02

Specifically IPP decided to Usebaghouse rather than an electrostatic precipitator to control

VThe state approval order NO BACT limit was 0.60 pounds
per million Btu the same as the applicable new Sourceperformance standards the EPA limit was 0.55 pounds per
million Btu The IGS units will meet the 0.55 pounds per
million Btu limit

The applicable NSPS for the IGS are set out in 40
C.F.R Subpart Da

6O.40a-60.49al982 They werepromulgated by EPA in 1979 --
shortly before the EPA and the

DOJj made their BACT findings for the IGS 44 Fed Reg 33613
The NSps for S02 applicable to IGS would require it to meetPercentage reduction standard of 70 percent and would require
emissjon to be Controlled to

approximately 0.45 pounds per
million Btu heat input The applicable federal NsPs requires
plants like IGS to meet particulate matter emission Standard
of 0.03 pounds per million Btu The applicable NSPS requires
new Power plants burning bituminous coal like that burned at
IGS to meet NOx emission limit of 0.6 pounds per million Btu
on 3O-day average
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iiii_001356



particu1ae matter and to use limestone scrubber rather than
lime scrubber to meet the BACT limit for S02 These changes

were made in order to provide more reliable and cost-effective
compliance with the BACT emission limits in the IGS permits
IPP also selected Babcock Wilcox as its boiler manufacturer
the final boiler specifications given by Babcock Wilcox
provided for each boiler to have heat rate that is slightly
higher than the one used in the preliminary design

In contracting for and installing all pollution controls
at IGS IPP relied on the 1980 permitted emission limits IPP
negotiated and received guarantees from control equipment
vendors -- guarantees specifically designed to assure that IPP
will meet the 1980 stringent BACT limits for all three

Pollutants Hundreds of millions of dollars have already been
expended to design and construct ics in order to meet the 1980
pollution control design objectives on-site construction of
both units is well underway As result of these irrevocable
economic and physical commitments to the 1980 IGS design
requirements for control equipment any significant changes now
in the design objectives for major items of equipment or any
changes which affect the physical layout of structures or

equipment will disrupt construction and can substantially delay
completion of the project at tremendous cost

P1 1_001357



B. The DOH Does Not Have the Authority to Changethe BACT Limits in this Case

The DOH does not have the authorjt to change the BACT
limits in the IGS permit The Utah Code contains no general
provisions expressly allowing the DOH to reopen the BACT terms
of its approval orders sua ponte and the DOH Air Conservation
Regulations do not give the DOH blanket authority to reopen
approval orders

The DOH rules on approval orders authorize the DOH to
require source owner to apply for an approval order and for
DOH to issue such an order only when an owner is planning
to Construct new installation making modifications to an
existing installation which modifications will increase the
amount or change the effect of or the character of air
contaminants discharged or.3 planning to install an air

cleaning device or other equipment intended to control emission
of air contaminants from stationary source Utah DOH

Regulation 3.1.1 The first two conditions do no apply in this
case and as explained below even if the third condition is

applicable the review is limited to determination of

compliance with the 1980 permit limits

First and most important IPP is not proposing to

construct any new installation IPP has not made any changes
in the project which by any reasonable standard could be

considered to be of the magnitude to Constitute the

construction of new installation As discussed above the
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design ofthe project has matured and as is true of any major
project differences between Preliminary and final design have
emerged Such differences are to be expected particularly
where as here very rigorous design objectives are established
in the construction permit for the source.Z.1

1978 EPA memorandum interpreting the BACT regulations
which are now being implemented by DOH explicitly recognizes
that differences between preliminary and final design of the
kind involved in this case are to be expected and that they do
not constitute significant change in the project and thus do
not trigger new permitting requirements and reevaluation of
BACT limits As this EPA memorandum explains when utilities
apply for new source permits they often submit only Preliminary
design information as basis for setting BACT limits and then
agree to submit final detailed engineering design specifications
prior to construction of the control equipment This was the
case with IGS The memorandum then recognizes that the final

engineering design and vendor specificatjo5 will often vary
from the preliminary information This also was the case

here These variations EPA observes in terms that parallel
the facts here may tljnclude basic changes in equipment design

ZAs noted above EPAs 1979 NSPS determinations onachievable control levels were virtually contemporaneous withthe BACT determinations for IPP
Nevertheless IPP BACTlimits were in each instance more stringent than the federalNSPS

-9-
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such as
ashift from an ESP to baghouse change from

lime/limestone scrubber to regenerable ecrubbing system or
change in the design approach to ensuring reliability
Emphasis added

The EPA memorand goes on to explain that when there
are such variations in final design specifications the utility
must show only one thing that the equipment meeting the
final specifications is equivalent in performance and

reliability to that covered in the initial BACT demonstration
As result the authority reviewing the final design
information is to seek only those data elements which are

necessary to support an engineering judgment that the proposed
system will perform reliably at the specified emission rates
Since the submission of the final engineering design
specifications is required as it is here EPA then concludes
that the submission of such design specifications would not
constitute reopening of the permit process and would not

trigger the need for an Opportunity for public comment on this
material

In sum the differences between the preliminary and
final design of the IPP control equipment cannot be said to

EPA memorandum on BACT Information for Coal-FiredPower Plants sent from Walter Barber to the EPA RegionalOffices December 22 1978 copy of this memorandum isAttachment of this Position Paper
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re-open
t1e

permit process on the ground that IPP is

constructing new nsta11ation that was not Previously
permitted

Nor can the refinements in design of the boiler be said
to constitute modification of an existing source
triggering new BACT review Under Utah law there is no
modification unless there is potential increase in emissions
froina source Utah DOH Regulatjon 1.1.77 Under the
definition of source in the Utah Air Conservation
Regulations IGS is one source.2 Thus it is an increase in
total emissions at the IGS which would constitute
modification under Utah law If IGS increases emissions at
individual emission units within the project and offsets those
increases by decreases at other project emission units IGS
would not be Considered modified source

IPP is not Proposing to increase emissions at IGS
While the boilers will have slightly higher heat rate than
originally anticipated and therefore may produce more NO

2/Under the Utah DOH Regulao 1.1.111 source meansany structure building facility equipment installation oroperation or combination thereof Which emits
any airpollutant and which is located on one or more Contiguous oradjacent properties and which is owned by the sameperson Intermountain

Generating Station -- including
the boilers and associated control equipment -- is all on thepiece of

propertT and is under common Ownership and thusConstitutes one source under Utah law

11

P1 1_001361



emissjons0 per unit basis than would be produced if there
were lower maximum heat rate total emiajons from the sourcewill be significanty less than described in the original
application for an approval order for IGS On Maich 31 1983the size of the project was officially reduced from four to two
generating units cutting potential emissions from the source
almost in half

In Sum it is net increase in emissions at the
source which in this case is multi-unit

generating
station that triggers the niodification require8 of the DOH
regulatjos The total emissions at the IGS source are asresult of the changes between Preliminary and final designalmost one-half of the emissions permitted in 1980

Finally there is the issue of whether the DOH has
approval order review authority because ip is Planning to
install different air cleaning devices -- .e the baghouse and
limestone scrubber -- than were originally proposed For the
reasons stated in the 1978 EPA memorandum discussed abovethese devices should not be viewed as triggering new BACT
review since the differences between Preliminary and final
design such as those in this case are to be expected
Nevertheless even if new approval order for the IGS baghou
and limestone scrubber System is required the agency no
authorized to rewrite BACT terms in connection with issuance of
that approval order

-12-
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Under Utah DON Regulaj0 3.1.8 the Executive Secretaryis required to issue an approval order if he determines that
the control devices are at least BACT and that their
installation will be in accord with applicable state and
federal rules As noted above and as described in much greater
detail below the IGS baghouse and limestone scrubber will
control emissions at least to the level of BACT the baghouse
will achieve an emission rate of 0.02 pounds per million Btu
and the limestone scrubber will achieve an emission limit of
0.15 pounds per million Btu which is actually lower than the
BACT limit set in the DON approval order Also the
installation will be in accord with applicable state and
federal air quality requirem5 Thus under the terms of the
DOH rules the Executive Secretary is not authorized to revise
the BACT limits in connection with his review of the final
design of the IGS S02 and particulate matter control Systems

_______

In sum IPP received permit to construct facility
with control equipment that would be designed to assure
compliance with the emission limits contained in the December

1980 approval order IPP is constructing such facility
IPP recognizes the appropriateness of state review to determine
whether the final design of the control equipment will in fact
assure compliance with the 1980 BACT limits Where as here
there is no net increase in facility emisj05 as result of

13
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changes design there is no basis in Utah law for

establishing new BACT limits that differ from those previously
established

III The Current Emission Limits Constitute BACT

Although IPP believes that it is inappropriate to

conduct BACT re-review for project that in good faith has
made commitments to equipment that will assure compliance with
the BACT limits that were properly set at the time of

permitting IPP has prepared data which demonstrate that the

current permit limits represent BACT for the IGS The

following sections summarize the legal framework for BACT
review and then apply that framework to the facts in this case

What Is BACT

Federal law and the Utah Air Conservation Act call for
the application of BACT for reduction of certain regulated
pollutants -- in this case S02 NOx and particulate matter
Under Clean Air Act section 169191 and Utah DOR Regulation

1.1.23 BACT for pollutant means an emission limit for that

pollutant reflecting the maximum degree of reduction that is

achievable taking into account energy environmental economic
and other impacts Each BACT determination is to be made on

12142 U.S.C 74693
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case-by-cpe basis although the application of BACT may not

result in pollutant emissions in excess of applicable emission

levels established pursuant to Clean Air Act section 111
Federal and state law thus ask the permit issuer in

setting BACT limits to consider on case-by-case basis what

is achievable environmentally sound and cost-effective

significant body of federal case law explains what is meant by
the term achievable and how energy environmental and

economic costs are to be taken into account on case-by-case

basis In the context of this case DON may rely upon the

record supporting the 1980 BACT determinations in deciding not

to change those limits On the other hand if the BACT limits

were changed DON would have to demonstrate that it considered

relevant factors and disclosed and explained fully the basis

for its change of course If the record does not contain such

an explanation or if the facts do not support the DON

conclusions court would conclude that the new limits are

arbitrary and capricious.11 The following discussion

explores the burdens DON must bear in order to support any more

stringent BACT limitations

flMotor Vehicles Mfrs Assn State Farm Mutual InsCo 51 U.S.L.W 4953 4955 U.s June 24 1983 No 82-354an agency changing its course is obligated to supplyreasoned analysis for the change beyond that which may be
required when an agency does not act in the first instance

-15-
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Demonstrating
Achjevabjlit1

On the matter of achievabilityI the case law makes it
clear that when ecisjonmaker projects that certain
emission limit is achievable his decision must meet the

following criteria

The decision must specify the precise dataand assumptions on which the
projections are based and establish thereasonableness and iability of the
methodology Thdecjsion may not rely oncrystal ball inquiry or extrapolate frompurely theçqtjcal or experimental
technology.i

Where the decision is based on projectionthat an
technology willwork in the future that projection must be ableto withstand close scrutiny There may be roomfor projection that certain technology willeventually be adequate to achieve particularemission reduction if that technology is to beinstalled by sources several years in the futurehowever if standard is set based on

technology that is to be installed immediatelythen the latitude 91the projection iscorrespondingly narrowed iI
If the BACT decision is based on data fromtest facility the analysis supporting the

l21Portland Cement Assn Ruckeishaus 486 F.2d 375391-93 D.C Cir 1973 International Harvester CoRuckeishaus 478 F.2d 615 642-43 647-48 D.C Cir 1973
P/portland Cement 486 F.2d at 391-92

iId at 391-92 Since IGS is under construction andany change in design must be implemented immediately there islittle or no latitude for projection
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decision must consider the possible impact on emissionsdu to recognized variations in operation when thetechnology is applied in full-scale commercial practiceand must offer some rationale for the achiev4bility ofthe standard in light of those variations.l51 Thecondition8 under which tests are Conducted for purposesof standard development should be simir to thecondition8 specified for enforCement.lb/ Thus forexample the court carefully scrutinized an AgencyConclusion that .a technology would work at full loadoperation when the facilities being tetqd were operatingonly at approximately 5fl of capacity.jI
In short in making BACT determination decisjoaker

can hold Source to standard of improved design and

operational advances only where there is substantial
evidence that such improvements are feasible and will produce
the improved performance necessary to meet the standardtJi/ and

__ the decjsjonmaker sets out that substantial evidence

iVNatjonai Lime Ass EPA 627 F.2d 416 434-43 D.cCir 1980

iPortlend Cement 486 F.2d at 396

il/Essex Chemical 486 F.2d at 436

.iISierra Club Coste 657 F.2d 298 364 D.C Cir1981 Bethlehem Steel EPA 651 F.2d 861 876 3d Cir 1981IGS of course is no longer new source Construction isunderway and substantial commitments have been made to meet the1980 design objectives established by the DOH and EPA In thissetting changes in design are much less feasible andimprovements in performance much less certain than in the case ofstandards set for new sources that will be designed andconstructed after eatabljsjent of the standards

17
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clearly and precisely for the record.12J In sum the burden
is on DOH to establish the technical basis for any

determination that particular emission limitation is

achievable

Demonstrating that BACT Limit is
Cost-Effective

Finding that particular technology is demonstrated and
that specific emission level is achievable represents only the

starting point for BACT determination Each achievable level

of control must be evaluated in light of its economic Costs
energy requirements and environmental implications The level

of control representing best technology must therefore reflect

balancing of factors including the costs associated with

achieving emissions reductions control technology will be

best technology only if it is cost-effective control

technology and reflects balancing of the statutory factors
When technology is being applied in retrofit context --

i.e when the technology is not part of the original design and
thus its installation requires changes to be made to the

original design then cost considerations may justify

substantially less stringent limitations than would be

.u/Portland Cement 486 F.2d at 391-92
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appropriate for new facility..Q/

isjgacaae_by_cg Determination

Finally the law emphasizes the need to make each BACT
determination on case-by_case basis In determining
appropriate emission levels the decisjonTaker must keep in
mind that BACT emission levels may be no less stringent than
the levels established by applicable new Source performa
standards NSPs set under Clean Air Act section iii but that
the BACT levels are indeed set case-by_case taking into account
the characteristics of the specific source...LI As resultwhat may be applicable to most plants may not be appropriate

2.Q/Cf ASARCO Inc EPA 578 F.2d 319 330-31 D.CCir l97 Leventhaj
Concurring in Setting new sourceperformance standards the EPA Administrator may set lessstringent standards for modified sources -- retrofitSources -- than for new sources since such st nctiona may be

warranted by cOst differences and Cost-benefits analysisThe visibility protection provisions of the Clean Air Actreflect the importance of balancing all relevent factors in
retrofit Situation to avoid the imposjtio of improper controlrequireme8 Under l69g2 of the Act when the statesspecify best available retrofit technology BART forsources impairing visibility in class areas emission limits
are to be based on the consideration of the costaffordability adverse side effects and efficiency ofalternative control options Section l69A2 EPAs BARTregulations expressly acknowledge that the best technology is
not necessarily the one that removes the most pollution EPAGuidelines for Determine Best Available Retrofit Technology forCoal-Fired Power Plants and Other Existing StationaryFacilities EPA-450/3_80_O096 and Pages 20-21 Nov1980 incorporated by reference into 40 CFR 51.300-3071982

.i/Northern Plains Resource Council EPA 645 F.2d1349 1358-62 9th Cir 1981
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for
paricu.ar faci1ityi/ --

as in the case of IGS
where if any new technology is required it would not be partof the original plant design and therefore would be
retrofit Specifically if adding new technology would
involve great deal of additional expense to reduce alreadywell controlled emissions the new technology should be
rejected as BACT.i/

pplicatj of the BACT Criteria to
If we apply the BACT standards to the facts of the IPP

case it is clear that the current emission limits representBACT The following Subsections summarize the BACT data
submitted by IPP and apply the BACT standards to those data

The Current S02 Emissj0 Limitspresent BACT

The Permitted S02 Limits

IPP must achieve 90 percent reduction of S02
emissions and must meet mass emission standard of 0.15
pounds of S02 per million Btu heat input.../ Compliance

ia/Id at 1359 n.29

Li/Cf Northern Plains 645 F.2d at 1361
noted above the federal new source performancestandards for S02 applicable to IGS would require it to meetPercentage reduction standard of 70 percent and would require

emisgio8 to be controlled to approximately 0.45 pounds per
million Btu heat input The permitted S02 limits for the IGS
units are thus

significantly more stringent than the federal
NSPS

-20-
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with these requireme5 will be determined using COfltjfl05
monitors end 30 day rolling averageg...2/

The extremely stringen percent removal standard goeswell beyond the federal NSPS standard of 70 percent In 1979EPA determined that that level reflected the most cost
effective technological standard for low Sulfur coals The 90
percent removal standard imposed in its permit requires IPP to
design system which approaches the limits of the demonstrated
removal capabilities of S02 scrubbers To meet this conditionIPP contracted to purchase and build

State_of_the_art
limestone scrubber This scrubber has been carefully designedso that it can comply with the standard while burning all of
the various Utah coals planned for use at IGS

The mass emission limit of 0.15 pounds of S02 per
million Btu is also One of the most stringent in the CountryThe mass emission limit was set based upon information
estimating the sulfur content of the Coals to be burned at IGS
and then assuming that 90 percent of the S02 would be removed
by the scrubbers The mass emission limit for S02 is thus
based in large part on the sulfur content of the coal to be
burned

ia/The state approval order established mass emissionlimit of 0.155 pounds per million Btu based on the analysis set
out below The EPA permit sets limit of 0.15 pounds per
million Btu based on rough now outdated emission factors in
AP-42 IPP has designed IGS to meet the more stringent limit
of 0.150 pounds per million Btu
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In its PSD permit application IPP discussed the sulfurcontent of the coal it would burn at IGS and used estimates of
coal characteristics

Estimates rather than actual data wererequired because ics is not mine-mouth plant and thus at thetime of Permitting it was not clear what coal would beburned IPP based its coal quality information on core hole
sample data from existing mines and leases located in the
Northern Wasatch Plateau and the Book Cliff5 coafields
Adjusting that core hole data to reflect worst case condjti05IPP estimated that it would be getting coal with an average Btucontent of 10200 and average sulfur content of 0.79 percentThe DOH S02 mass emission limit was set based on those coal
quality estimates and on the assumption of 90 percent S02
reduction through scrubber IPP accepted the permit
Codjtjong based on these estimates and this assumption

Having once accepted that mass emission limit IPP thentook steps to assure that the coal purchased would comply with
the limit To accomplish this IPP coal contracts all
include guaranee5 for coal qualjeg that the purchased Utah
coal must meet The contracts provide range of sulfur in thecoal and typical sulfur content As result of normal
sulfur variability in coal some of the coal is likely to be
higher in sulfur content than 0.79 Percent some is likely to
be lower ipp is aware of this and the scrubber system has
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been
desipied so that the S02 emissions from the coal -- after

scrubbing -- will meet the permitted mass emission limit of
0.15 pounds per million Btu on 30-day rolling average basis

In summary the IGS S02 emission control system has been
very carefully designed to ensure that 90 percent S02 reduction
can be achieved on 30-day average and that the total mass S02
emission limit of 0.15 pounds per million Btu can be met using
the Utah coal which is required to burn at IGS and which
IPP has contracted to purchase

Obstacles to Achieving More StringentS02 Limits

Although the IGS scrubbers have been designed to reduce
S02 emissions by 90 percent during the 35-year life of the
plant the DOHs June 1983 letter asks IPP to evaluate the
cost of 95% S02 scrubber In addition at July 1983
meeting DOR representatives asked IPP to evaluate the

Possibility of IGS meeting mass emission limit of 0.14
pounds per million Btu The following discussion summarizes
problems associated with making any changes to the 90 percent
standard or the 0.15 mass emission limit

The 90 Percent StandarJ

There are serious obstacles to achieving 3O-day
average 95 percent reduction rate over the entire 35 year
lifetime of power plant As stated by Black Veatch in its
report Cost Analysis of Various NOx and S02 Control
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Technologies for the Intermountain Power Project which wassubmitted to DON on June 22 1983 90 percent S02 removal on30-day average basls is the upper limit which limestone
scrubbers have been demonstrated to achieve Although vetlimestone scrubbers are capable of achieving S02 reductions inexcess of 90 percent for short durations extended operation inexcess of 90 percent has not been demonstrated at any operatingfacility The Black Veatch Report explains that the majorobstacle which prevents scrubbing System from continu05j

achieving S02 removal efficIencies in excess of 90 percent isthe Systems inability to catch up for periods of reduced S02
removal rates caused by such factors as inherent system
variability component failures and system chemistry upsetsFor instance if scrubbing system designed for 90
percent S02 removal achieved only 70 percent removal for 10hours due to component failure it would then have to be
operated at 95 percent removal for 40 hours in order to average90 percent removal Over 3O-day period However if
scrubbing system designed for 95 percent S02 removal
experiences component failure which causes it to operate at70 percent removal for 10 hours it will require that the
System be operated for 125 hours at 97 percent S02 removal toachieve an average S02 removal of 9.5 percent Should multiple
component failures occur in 30-day period then it may be
impossible for the scrubbing System to achieve an average of 95
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percent dsin S02 removal even if it could be operated at 100

percent S02 removal

In sum extended operation at 95 percent S02 removal has

not been demonstrated in practice However even if such

limit were achievable it would not be BACT unless it could be

achieved in cost-effective manner Thus the limit must be

evaluated in light of its economic costs energy impacts and

environmental implications

The Black Veatch Report evaluates the costs of

scrubber system designed for 95 percent reduction If IPP were
to retrofit IGS with such 95 percent design S02 removal

system before the start of commercial operation the Black

Veatch Report estimates that the additional capital costs
operating costs and delay costs associated with retrofitting
such system would be $998 million in 1986 dollars the

additional cost would be $1.118 billion in 1986 dollars for

retrofitting the 95 percent design S02 system after one year of

commercial operation

Costs for implementing 95 percent design S02 removalsystem contained in this study are based on more detailedengineering analyses more refined estimates of replacementpower costs and other coats of delay and more Sophisticatedtechnique for projecting capital Costs than those used inearlier analyses As result these estimates are moreaccurate than and supercede those contained in the BlackVeatch memorandum to Intermountain Power Project dated April13 1983
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Th report explains that those Costs were estimated
based on the assumption that for scrubbing system to achieve
an average S02 removal rate of 95 percent enough redundancymust be available to dampen normal scrubber operational
variability and to eliminate all avoidable outage time The
Black Veatch Report concludes that the only way to approach
this undemonstrated removal level is to install an extensive
number of spare components -- for example four additional
absorber modules and an additional spray level for each
absorber module Also there would have to be changes made in
the current scrubber design to accommodate the additional
equipment The cost estimates also took into account the fact
that if decision is made to retrofit 95 percent design S02
removal System on July 1983 then project delay of 18
months is expected decision to implement retrofit of 95
percent design S02 removal System following one year of
operation would also require unit outage of

approximately ia
months All these factors contribute to the approximately $1
billion scrubber retrofit Costs

An examination of the cost per ton of S02 removed dramaticaiiy
demonstrates that the incremental cost of designing 95 percent
scrubber is not justified Black Veatch has estimated for
the 90 percent scrubber that for each unit it will remove 23200
tons of S02 annually at an average cost of $1260 per ton
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of S02 removed However if 95 percent scrubber is installed

and if it is able to achieve 95 percent removal it would only

remove an additional 1300 tons of S02 annually at each unit
The cost to remove this additional 2600 tons would be $50600

per ton This is an exorbitant price to pay for slightly lower

S02 emissions In setting revised NSPS in 1979 for example
EPA rejected proposals that would have cost in the range of

about $2000 to $2500 per ton.V

There is also an energy penalty associated with

operating 95% scrubber Operating 90 percent scrubber will

consume to percent of the total plant electrical output

Operating 95 percent scrubber will nearly double the energy
consumed by the scrubber equipment and will add $63.5 million

to costs of operating the scrubber

In summary evidence submitted by IPP shows that removal

of greater than 90 percent of S02 emissions on continuous

basis for the life of IGS has not been demonstrated to be

achievable Moreover to purchase install and operate

scrubbing system designed to approach 95 percent removal

whether it is retrofitted now or after commercial operation

would cost approximately $1 billion and over $50000 for each

7L/45 Fed Reg 8219 Table 1980 44 Fed Reg 3360733609 Table 1979 The costs reported in the text are July1986 costs they have been scaled up from the 1978 costsused by EPA when issuing the revised NSPS
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additional ton of S02 removed Under the statutory and

regulatory criteria to be followed in setting BACT therefore
the 90 percent S02 removal requirement is BACT no more

stringent standard is supported by the facts

Obstacles To Achieving Standard More
Stringent than 0.15 Pounds Per Million
Btu

The mass emission limit of 0.15 pounds per million Btu

also represents BACT As noted above that number was based on
the assumption that IPP would burn variety of Utah coals and

reflected coal quality data from the most likely sources of

Utah coal Since the time that the S02 limit was set IPP has

entered into four coal contracts Those contracts specify

characteristics that all delivered coal must meet The

contract terms assure that IPP will be able to meet the 0.15

mass emission limit but do not ensure compliance with any more

stringent limit Specifically the four existing coal supply

contracts limit sulfur content to an average worst case

sulfur limit of 0.733 pounds of sulfur per million Btu which

corresponds to an S02 emission rate of 0.147 pounds per million

Btu when the scrubber operates at 9O removal efficiency.L

Economic penalties will apply to any coal supplier that does not

L/0ne of the four contracts limits coal to sulfurcontent of 0.760 pounds per million Btu corresponding to anS02 emission rate of 0.152 pounds per million Btu if thehighest conforming sulfur content coal were burned Over thepermitted 30-day averaging period however lower sulfur coalwould be burned assuring compliance with the 0.15 limit
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conform the contractual sulfur content limits

In the immediate future coal suppliers will not only be

delivering marginally complying coal but also will be

delivering lower sulfur content coal so that the plant will

often be achieving an emission rate lower than 0.15 However
over the life of the plant taking into account future S02

emission regulatory requirements there is likely to be an

increased demand and higher price for lover sulfur coals

Thus it is likely that during the life of the IGS units all

Utah coal suppliers will have an economic incentive to deliver

only marginally conforming coals under existing contracts if

this happens it could become impossible for the IGS units to

comply with an S02 emission limit below 0.15 unless new

contracts for lower sulfur coal could be negotiated Since the

annual fuel cost for the IGS units is estimated to be well over

$100 million the additional cost to the for negotiating

new lower sulfur coal supply contracts for the life of the IGS

units could easily be several hundred million dollars

Also the imposition of lower emission limit would

shift liability for compliance from the S02 scrubber

manufacturer and coal suppliers to the IPP This new risk

could result in higher bonding interest rates and substantially

higher financing costs Since the Project has remaining
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bonding
9quirement

of approximately $3.4 billion an increase

of one percent in the bonding rate would result in an

additional cost of over $100 million

Although the costs of lowering the S02 emission limit

from 0.15 to 0.14 are very high the benefits associated with

such permit change are minimal To meet the current S02

limit of 0.15 IPP will be removing approximately 46000 tons

of S02 annually shifting coals to achieve the marginally lower

emission rate of 0.14 would further reduce annual S02 emissions

by no more than 340 tons In fact the actual annual reduction

is likely to be far less since IPP would at most be changing

only portion of its coal supplies to meet the 0.14 limit and

since the annual average sulfur content of coal delivered under

renegotiated contracts may not be reduced significantly

The S02 ambient air quality standards and PSD increments

are thoroughly protected with the current 0.15 limit For

example the maximum 3-hour predicted IGS impact is 80 ug/m3

which is less than 20 percent of the applicable PSD increment

when plant impact is added to the 3-hour background

concentration of 26 ug/m3 the maximum 3-hour ambient

concentration is 106 ug/m3 which is still less than 10

percent of the 3-hour secondary standard of 1300 ug/m3 The

IGS maximum 24 hour impact 32 ug/m3 and the annual impact

from the plant ug/m3 are also well below the applicable

ambients standards and PSD increments

If the IGS limit for S02 were lowered to 0.14 that
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would
flOtsignificanjy reduce the maximum S02 concentrations

from the plant Specifically the maximum 3-hour S02 plant
impact would be reduced by less than ug/m3 the maximum
24-hour plant impact would be reduced by less than 2.5 ug/m3
and the annual plant impact would be reduced by less than .1
ug/m3 These reductions are all insignifie under criteria
established by EPA21 and are probably undetectable by air
quality monitors Thus the virtually nonexistent air quality
benefits of lowering the S02 emission limit to 0.14 clearly do
not Justify what may be extremely high costs

Not only are the air quality benefits negligible but
such condition might run Counter to more important air
quality objectives of the state For example if IPP were
required to meet the 0.14 limit it would as noted above
probably have to shift to using other lower sulfur coals
This could result in Utahs lowest sulfur coal reserves being
Consumed at the remote and highly controlled 90% removal
instead of at the Uncontrolled and less effectively Controlled
emission sources that are proximate to Utahs population
centers

2/See 43 Fed Reg 26398 1978 where EPA stated that
the minimum amount of ambient impact that EPA would Considersignjfjc for S02 would be 25 ug/m3 for the 3-houraveragg time ug/m3 for the 24-hour

averaging period andug/mi annually
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Fiia1ly in response to the DON suggestion that canmeet the 0.14 limit because other Utilities have accepted
limits lower than 0.14 pounds per million Btu it must be noted
that limits lower than 0.14 have been accepted only in cases
where the affected Utilities have been virtually certain that
they will over the life of the affected units be able
consistently to acquire coal with lower sulfur Content than
that now under contract to IPP For example mine-mouth
unit or other unit that is getting virtually all its coal from
one source of very low sulfur coal may be able to meet an
emission limit lower than 0.15 pounds per million Btu We
understand that this is the case for Utah Power Lights
Hunter Units and Which are mine-mouth units.Q/

Very
low limits may also be achievable where new units are beingbuilt at site where there are already other units subject to
less stringent S02 limits At such sites delivered coal with
the lowest sulfur content can be burned at the new unit with
the lowest S02 limit any higher sulfur content coal can be
burned at the other units at the site Thus on

1It shoulj also be noted that Brigham Young University
and Kennecott Corporation each get most of their coal fromsingle Source The small Brigham Young University boiler usesonly one Source of low sulfur coal and the KennecottCorporaj0n facility gets at least two thirds of its coal fromOne Source of very low sulfur coal
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case-by_case basis it may be appropriate to require these typesof sources to meet emission limits lover çhan 0.15 pounds permillion Bt Sinc the same ircumstances do not apply at theIGS units it is not appropriate to reduce the S02 mass
emission limit below 0.15

In summary changing the 0.15 pounds per million Btu massis unjustified It would be extremely costly and disruptive
would yield no signffjc environmental

advantages and would
not take into account the coal contract situation at the IGSunits Thus under the current statutory criteria for settingBACT the current limit is BACT and Should not be changed

The Current Particulate Hatter Emission Limitpresents BACT

The applicable federal NSPS requires plants like IGS tomeet particulate standard of 0.03 pounds per million Btu Aswith the limits on S02 the permitted particulate matter
emission standard for the IGS units is more stringent than the
federal NSPS Indeed the IGS limit of 0.02 pounds per million
Btu is one of the most stringent particulate matter emission
standards set for any power plant in this Country and reflectsthe maximum degree of particulate matter reductjo that can be
achieved at the IGS units

Before
contracting for the purchase of particulate

control equipment to meet that stringent limit IPP studied the
capabilities and costs of both electrostatic precipitators and
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baghouses An April 1980 analysis conducted for IPP entitled

Study for Particulate Control Equipment -- Electrostatic

Precipitators and Fabric Filters -- Intermountajn Power

Project Attachment examined both particulate collection

devices and concluded that baghouses were preferable for IGS

for several reasons First precipitator design is closely
tied to coal ash and flue gas properties where several coals

are to be burned as is the case at IGS designing

precipitator is difficult and expensive If some time during
the 35 year operating life of the plant different quality
coals have to be burned the precipitator might not be able to

meet the permitted emission limit Baghouses however are

less affected by variations in coal ash or flue gas

properties The report also concluded that opacity is better

controlled by baghouses that fine particulates are better

controlled by baghouses and that baghouse is often easier to

maintain online than is precipitator Finally the report

concluded that it would be more cost effective to install

baghouse than precipitator at IGS

IPP discussed the choice of baghouse with DOll

representatives and met with DOll representatives on February
1981 to explain in greater detail IPPs decision to purchase

baghouse The system that has been purchased is consistent

with that previously discussed with DOll It is one of the most
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advanced
paghouse systems available the manufacturer has

guaranteed that the baghouse system will limit the total

particulate emission rate of not more than 0.02 pounds per

million Btu heat input In sum the current particulate limit

represents BACT and the IGS baghouse can achieve compliance

with that limit

The Current NOx Emission Limit Represents BACT

Achieving the BACT Limit

The applicable federal NSPS requires new power plants

burning bituminous coal i.e the coal to be burned at IGS to

meet NOx emission limit of 0.6 pounds per million Btu on

30-day average Based on the federal NSPS which had been

revised just short time before the permitting of IGS the

Utah DOH set 0.6 pounds per million Btu NOx emission limit in

its December 1980 approval order However under the terms of

its federal PSD permit IPP is required to meet NOx emission

limit of 0.55 pounds per million Btu on 30-day average

According to survey conducted by the Utility Data Institute

see Attachment no more stringent NOx emission limit has

been imposed on any power plant burning bituminous coal

In setting the 0.55 NOx limit EPAs technical experts

indicated that this represented the most stringent limitation

that could be justified by available data Letter from

Burchard Director U.S EPA IEAL to Duprey Director
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U.S EPA
ir and Hazardous Waste Division April 21 1980

There are plants that have agreed to meet more stringent NOx

emission limits but those plants are burning subbituminous

coal which is less likely to cause corrosion slagging and

fouling In setting the NSPS for power plants EPA recognized

that it was appropriate to set lower limits for users of

subbituminous coals

As described in KVBs report Technical Evaluation of

Alternative NOx Control Technologies IP has contracted for

the purchase of boiler that is designed and guaranteed by its

manufacturer to achieve the 0.55 pounds per million Btu 30-day

average NOx emission limit The boiler selected by IPP is one

of the most advanced second generation NSPS boilers available

to the utility industry The boilers for IPP Units and are

Babcock Wilcox BW natural circulation balanced draft

single reheat boilers described in the KVB report The

boilers incorporate burner system designed by BW to operate

at low levels of NOx without creating adverse side effects

The system incorporates compartmented windbox for precise

control of the combustion air and low-NOx burner design

developed by BW The BW dual register burner provides the

control of stoichiometry and the mixing of fuel and air

necessary to achieve extremely low levels of NOx emissions

The windbox and burner combination is one of the most advanced
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systems in the industry and has been used on large number of
new second-generaj0 boilers designed to comp1y with the
revised NSPS for both subbjtujjn05 and bituminous coals This
system has the most demonstrated experience of the new low-NOx
designs

IPP has also gone to great lengths to maximize the

availability and reliability of these units separate report
entitled The Specification and Design of High Availability
Boilers for the Intermountain Power Project describes in
detail the considerations that went into the selection of the
boilers and their auxiliaries The boiler was designed to fire
Utah bituminous coals having wide variety of properties
These coals have slagging and fouling tendencies which range
from high to medium slagging and from low to medium fouling
The integrated burner and boiler design was selected taking
these conditions into consideration The experience of other
utilities with the BW integrated boiler and burner design will
not only ensure high reliability and availability it also
ensures the highest Probability of compliance with the NOx
emission regulation of 0.55 pounds per million Btu imposed by
the EPA PSD review

Obstacles to Achieving Lower NOxEmission Rate

The DOH in its June 1983 letter asked the IPP to

investigate five additional NOx reduction techniques
Selective Catalytic Reduction SCR Thermal DeNox Overfjre
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Air Ports Lower Excess Combustion Air and Decreased Plan Heat

Releases Through Boiler Derating

In addition at July 1983 meeting DON

representatives suggested that IPP investigate the possibility
of meeting NOx limit of 0.50 pounds per million Btu with the

current boiler design As part of this evaluation DOH asked

IPP to review data from two operating plants the Mill Creek

Plantand A.B Brown Plant plants which the DON identified as

meeting emission limits lower than 0.55 pounds per million

Btu The KVB Report and Black Veatch Report on the cost of

NOx controls evaluate the first five NOx reduction techniques

These two reports were submitted to the DOH in June The

Supplemental KVB Report entitled Review and Evaluation of

Mill Creek Unit and A.B Brown Unit NOx Data Attachment

hereto evaluates the NOx emission levels at the Mill Creek

and A.B Brown plants and the achievability of 0.50 NOx

standard with the current boiler design

The first KVB Report demonstrates that the NOx

technologies about which DON inquired either are not

demonstrated or will not ensure further emission reductions for

plant like IGS Specifically the KVB Report concludes that

The SCR process has not been demonstrated to be
effective on commercial power plants either in
systems using baghouse or on coals containingthe catalyst poisons sodium potassium and
calcium in the quantities present in Utah
bituminous coals With these coals the
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reliability and availability of the SCR would be
seflously jeopardized The SCR process has
therefore not been developed to the point whereif applied to IPP there is any certainty that itcould achieve reliable continuous reductions inNOx emissions

Thermal DeNOx is an experimental technology on
coal and has never been demonstrated to be
effective on coal-fired utility boiler
Thereforeit should not be considered for
application at IPP

There is insufficient long-term data to justifyretrofit of overfire air ports The NOx
reductions associated with such retrofit are
uncertain whereas installing overfire air portscould jeopardize the availability and reliabilityof the boiler as well as the baghouse The
low-NOx burner system incorporated into the
present IPP design are capable of yielding lowNOx without these adverse side effects

The manufacturer of the IPP boilers incorporateslow NOx burners that operate at the minimum
practical excess air levels These burners are
proven in use on the type of boiler to be built
for IPP No combustion technology is available
for achieving further reductions in excess air
without causing unacceptable side effects such as
slagging reduced steam temperature and loss of
fuel efficiency Further reduction in excess air
levels is therefore not practical

Decreased plan heat release through boiler
derating has not been consistently demonstrated
to yield NOr reductions and in any case cannot
be considered new technology for the purpose of
BACT review

The Black Veatch Report demonstrates that even if any
of the above technologies could operate reliably and produce

significant emission reductions they would be extremely costly

to retrofit at ICS either now or some time after plant

start-up For example as set out in the Black Veatch
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Report
tle

cost of selective catalytic reduction is estimated

to be 1.694 billion 1986 dollars if retrofitted before

commercial operation of IGS and $l.255 billion in 1986

dollars if retrofitted at later time

The Supplemental KVB Report evaluates the emission data

from two operating plants -- Mill Creek and A.B Brown -- that

burn bituminous coal and that have attained emission levels

lower than 0.55 pounds per million Btu The Supplemental KVB

Report demonstrates first that there is no valid basis for

assuming that the changes in boiler operation discussed in an

Exxon report on the Mill Creek data will produce NOx emission

levels lower than 0.55 pounds per million Btu at IGS Second
the Supplemental KVB Report shows that although when Mill Creek

operates at fairly low loads it can attain an emission level of

less than 0.55 pounds per million Btu when the Mill Creek unit

operates at higher loads NOx emissions increase

statistical analysis of the Mill Creek data indicates that if

that plant were to operate at close to full load -- as the IGS

units will be operated -- it would probably not be able to meet

an emission level of less than 0.55 In short the Mill Creek

data do not demonstrate that units like the IGS units which

will operate at full load would be able to meet an emission

limit lower than 0.55 pounds per million Btu
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The Supplemental KVB Report also analyzes the data on
the A.B Brown plant It reveals flaws ir the NOx monitors at
the plant decreasiig the reliability of the N0 data gathered
from those monitors The report also points out that the A.B
Brown boiler is structurally different from the IGS boilers
The A.B Brown boiler burns low slagging coal This permits
use of division walls in the A.B Brown unit which produces
lower heat release rate in the burner zone thus generally
lowering NOx emisson levels As the Supplemental KVB Report
explains however IPP uses high slagging coals which
according to Babcock Wilcox preclude the use of division
walls in the IGS boilers In short the A.B Brown data are
flawed and the A.B Brown boiler is structurally different from
those that are being built at IGS Thus the A.B Brown data do
not support setting an IGS NOx emission limit lower than 0.55
pounds per million Btu

IPP contract with its boiler manufacturer guarantees
that the boilers will meet an emission limit of 0.55 pounds per
million Btu The Mill Creek and Brown data do not
provide any basis for concluding that the IGS boilers could
meet NOx limit of 0.50 pounds per million Btu with the
current boiler design Therefore the imposition of an
emission limit below 0.55 would shift liability for compliance
from the boiler manufacturer to the IPP As Previously
discussed on pages 29 and 30 new risk of this type could
result in substantial additional financing costs Furthermore
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the imposition of an emission limit that may be unachievable
would require reconsideration of the projects feasibility and
could result in cancellation of the IGS unit

In sum the current NOx limit of 0.55 pounds per million
Btu is achievable and Cost-effective Attempts to install and
operate the controls suggested by the DON could cost up to $1
billion Furthermore there is no technical or factual basis
for cOncluding that the IGS boilers as currently designed can
meet any emission limit lower than 0.55 pounds per million Btuand imposing any limit lower than 0.55 could jeopardize the
financial viability of the project

Response to Comments by Others

Notwithstanding the compatibility of the IGS NOx limits
with all air quality requireme5 of state and federal laws
certain individuals and environmental groups have submitted
comments to the DON expressing Concern about the environmental
impacts of the IGS NOx emissions As summarized here and
discussed in greater detail in Supporting documents the NO
emissions from IGS will not have any signifjca adverse
environmental impacts claims to the contrary are without merit

Several comments suggest that IGS NOx emissions will
increase the acidity of precipitation in the geologically
sensitive areas of the Wasatch Mountains These areas of the
Wasatch Mountains are 100 miles or more from IGS In report
prepared by ERTs Dr George Hidy entitled Effects of NOx
Emissions from the Proposed Interzrzountajn Power Project on
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Deposition and Surface Water Acidification in the Wasatch and
Uinta Mountains Dr Hidy notes that meteprological conditions
and terrain are likely to prevent ics NOx emissions from ever
reaching the sensitive areas of the Wasatch Mountains much less
affecting the low alkaline surface waters in the Mountains
However if such emissions do reach the Mountains their
impacts on the Mountains will be minimal

Snowpack precipitation and water quality studies
Conducted in the Wasatch Mountains and summarized by Dr Hidy
indicate that although the Salt Lake City and Provo
metropolitan areas which are relatively near the Mountains
have grown significantly since the 1950g there is no evidence
that increased NOx emissions from those cities major mobile
and stationary sources have caused any changes in the acidity
or nitrate concentrations in the Wasatch Mountains If such
nearby major sources of NOx loadings have no measurable impact
then any increases in current NOx emission levels in the rangeof 0.8 percent due to the far distant IGS cannot be viewed as
posing any signifjcan threat of increased acidification
Thus Dr Hidy concludes that any small changes in atmospheric
levels of N02 or its derivatives from IGS should have
negligible consequences with regard to the pH of low alkalinity
surface waters in the geologically sensitive regions of the
Wasatch Mountains

Several other charges and concerns raised by the

environmental groups are addressed in letter from James
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Bowers of the Cramer Co to IP James Anthony See
Attachment For example the letter responds to comment
charging that no NOx dispersion modeling has been done for
IGS This is not true As pointed out in the Bowers letter
the Cramer Companys dispersion model analyses of the IGS
have Covered NOx emissions and have confirmed the minimal
impact of the IGS NOx emissions

Specifically those analysesshow that even under the conservative assuptjon that all NOx
emissions from the plant are converted to N02 the maxjm
annual plant impact which will occur about kilometers from
the plant will be only 4.3 micrograms per cubic meter --
small Percentage of the N02 health standard of 100 micrograms
per cubic meter Due to these low impacts and due to the fact
that IGS and the Wasatch Front are in different air basins
Bowers conc1ude that IGS NOx emissions impacts on the distant
geologically sensitive areas of the Wasatch Mountains will be
negligible

Another set of comments claims that NOx emissions from
IGS will somehow exacerbate ozone levels in the Ozone
nonattainment Salt Lake City area which is 100 miles from
IGS When EPA issued the PSD permit for the IGS however the
Agency stated in the permit that IGS NOx emissions would not
cause or exacerbate any violation of any national ambient air
quality standard The emissions from IGS are now approximately
one-half of those evaluated by EPA Moreover Bowers in his
letter to IPP Attachment Concludes that IGS NOx emissions
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impacts the distant Ozone nonattainment areas will be
negligible

Finally the colnmenters make unsubstantiated claims
regarding the effects on public health of the NOx emissions of
the IGS IPP believes that those claims are frivolous for two
reasons First as noted above the licenses issued by DOH and
EPA for the initial IGS design -- with four generatingj5 --
was based on findings that the IGS emissions would not violate
the public health standards Since then the IPP has decided
to build only two generating units which will emit

substantially less total NOx than the four units originally
licensed

Second comparison of the available health literature
and the ambient N02 concentrations to which the IGS will
contribute shows that the plant will not threaten public
health IGS will be well within the current annual N02 ambient
standard and there is no basis for Concluding that this
standard will not limit peak and long-term N02 concentrations
to levels well below those required to protect the public
health.i

Moreover modeling analyses of IGS contribution
to short-te N02 concentrations reveal that no

IL/EPA Preliminary Assessment of Health and WelfareEffects Associated with Nitrogen Oxides for Standard SettingPurposes Draft Staff Pa e.j Appendix Oct 1981EPAs NO2raft Staff Paper
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N02 exposures approaching the levels associated with effects on
32

the public health are produced by IGS.
Other claims regardingt effects on visibility of theNOx emissions from the IGS have also been made As noted

above IPP is going forward with the construction of facilitywith total NOx emissions much lower than those initially
licensed and found to be acceptable with respect to
visibIlity Moreover modeling by Cramer Company as
reported in the Bowers letter shows that the plant will not
impair the Visibility in any class areas Finally as
discussed above IGS will meet BACT emission limits for NO
that are the lowest in the country for plant burning
bituminous coal Even if emissions could be reduced with the
application of additional retrofit

controls there is no
reason to believe that Visibility effects if any could be

2VBased on highly conservative interpretation of theavailable health literature EPAs Staff tentatively concluded
that infrequent exposures to i-hour average N02 concentrations evan as high as 566 ug/in3 should present minimal healthrisks to children and other sensitive population groupsEAi Draft Staff Paper at SF emphasis added Modelinganalyses show that using the very conservative assumption that

100Z of IGS NOx emissions are N02 the maximum one-hour N02concentration caused by IGS is 389 ug/m3 value well under566 ug/m3 More realistic modeling assumptions would produceestimates of peak N02 i-hour concentrations between 52 and 61ug/w3 It should be noted that the above calculations areextremely conservative because they are estimates of maximumone-hour concentrations and EPAS risk estimates contemplatediTtIj annual exposures In short the IGS NOx emissions do
not pose any signifjca risk to public health
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perceptibly reduced As EPA explained in Publishing
regulations for Protecting visibility in class areas
incremental NOx emission reductions may not be sufficient to
achieve any Perceptible improvement in visibility.u/

Summa

The current ics boiler design incorporates the
demonstrated and proved NOx control techniques that will meet
the permitted NOx limit The technologies which DOH has asked
IPP to evaluate are unproved as KVB concludes there is thus
no technical or factual basis for concluding that the IGS
boilers can meet any emission limit below 0.55 pounds per
million Btu Additionally any changes in the NOr control
system will be extremely costly and could jeopardize the
financial viability of the project Finally the current NOr
emission limit adequately protects the public health and
welfare For all these reasons the current NOr limit --

0.55 pounds per million Btu on 30-day average -- is BACT for
IGS

Fed Reg 80087 col ll980 EPA Guidelinesfor Determining Best Available Retrofit Technology forCoal-Fired Power Plants and Other Existing StationaryFacilities Doe No EPA-450/3_80_009b at page 13 Novl980jncorated by reference into the Visibility rules 40C.F.R 51.300-307 1982 And even these emissionreductions were possible only when NSPS was applied tootherwise Uncontrolled plants IGS will be fully controlled
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CONCLUSION

The S02 particulate matter and NOr emission limits
that IGS is designed to meet represent BACT No further BACT
review is authorized at this time However if such review
is conducted it will show that the current limits are still
BACT The limits for all three Pollutants are more stringent
than called for by the power plant new Source performance
standards for coal-fired power plants In fact the current
standards are among the most stringent in the country

The current S02 emission limit requires IGS to achieve
90 percent reduction in S02 emissions on 30 day average and

requires IGS to meet mass emission standard of 0.1.5 pounds
per million Btu To meet the 90 percent removal standard IPP
has had to purchase system that approaches the limits of the

demonstrated removal capabilities of SO2 scrubbers IPP has

purchased such state-of-the_art scrubbing system Achieving
any higher removal efficiencies on long term basis may not be

possible and trying to achieve high reduction levels will cost

approximately $1 billion To meet the 0.15 mass emission

limit IGS has Contracted to purchase several sources of low
sulfur coal Imposing slightly lover mass emission limit on
IGS would produce virtually no air quality benefits but could
well result in IPPs having to negotiate new coal contracts
which could cost several hundred million dollars over the life
of the plant
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The current particulate matter standard of 0.02 pounds

per million Btu is we believe the most stringent in the

country To meet it IGS has.installed state-of-the-art

baghouse system The current limit is BACT

The 0.55 pounds per million Btu NOx limit for IGS is

also the most stringent in the country for power plants burning

bituminous coal Extensive technical and factual data

submitted to the DOH demonstrate that there is no basis for

concluding that the IGS boilers can meet an emission limit

below 0.55 pounds per milliän Btu Not only might lower

limit be unachievable but also it would be extremely costly

even to try to meet lower limit For example the cost of

selective catalytic reduction is estimated to be well over $1

billion Imposing NOx limit lower than 0.55 pounds per

million Btu on the IGS units could thus require IPP to

reconsider the feasibility of the entire project

In summary the record evidence demonstrates

conclusively that the current emission limits for the IGS units

are BACT There is no basis for changing them
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INTRODUCTION

Conservationist
groups have recently questjone the levelof

nitrog9 oxide NO emission control proposed for theIntermoutajn Generating Station ICs This power plant hasbeen designed to lnciórporate an NO control System that wilmeet an emission limit of 0.55 pounds per milljo BTU Thegroups claim that more stringent standard must be set in orderto prevent an increase in the acidity of Precipitation and surfacewaters in the thstant Wasatch and Uinta Mountaj including bothtransient acidication of surface waters associated with thespring snowmelt and long-term depletion of lake water bufferingcapacity Figure shows the relative locations of the IGS andthe Wasatch arid Ijinta Mountajn

Our comments address this issue by Considering the avaj1leevidence relatjnc to the Physical and chemical processes thatgovern the extent to which the IGS emissions will Potentiallythe mountainous receptor areas of conce The question ofNO deposition an surface water acidification is discussed inthe next section

POTENTIAL
OF TEE IGS TO NO AND ACID DEPOSITION

The following subsecti5 evaluate the level of IGSNO and acid deposition impacts in the Wasatch arid TJintaMountains They Conclude that IGS impacts in those areas will beiflsiguifj for several reasons They also summarize relevantscientific studjs on the genera lack of evidence of acidityeffects in the Wasatc- arid Uriit Mountains

For example Alan Miller 1982 Intermountain Power ProjectOzone arid Acid Rjn Unt News Utah Chapter Sierra Club
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2.1 Dilution of IGS Emissions During Transport

Perspective on the Issues
relating to the ics NO emissjo

can be
gaire by Considering the map in Figure The location

of the IGS is shown relative to Salt Lake City and the WasahMountains Lake andwatershed .areas
Potentially susceptj to

deposjj0 of
acidifying Substances in the Wasatch ad UintMountain ranges are also fldicated These areas have beenidentified from water alkalinity data Conthjned with soIl and

bedrock geology assuming Surface igneo5 and quartzj rockstructure to be an index of low
buffering capacity.2 Thelocations on the map shows the large distances between the ics

and the receptor areas of Concern are one hundred miles or more
Thus the air

containing NO emissions from the IGS must travel
one hund.red miles before

becoming Involved in atmosphericscavenging processes that produce wet deposjt0 at the ground in
the sensitive mountain areas Note that the parts of the Wasatch
Range nearest to the plant site are not Considered susceptible bythe criteria used It Should also be noted that the crop1afl and
scrubbsh land between the IGS and the mountains are notsusceptible to atmoshperjc deposjtj0 by the criteria used

The NO impacts of potential Concern are of two typescorresponding to two temporal scales The first concerns Winter
seasonal Conditions where nitric acid derived from oxidation ofN023 will be scavenged and deposited in the Snowpack The second
Involves exposure of low

alkalinity surface waters to deposition of
acidifying species over many years

2These criteria are
conventionally Used as described for exaple

by the UsEpA Water qua1jy data were obtained from the Utah
Divjsj0 of Wildlife Resources and the Dept of Enviroentai
Health Data for soils and bedrock geology were obtained from
the U.S Geologjc Survey

this Assessment the an N02 mixture emitted by the IGS is

assumed to be converted iediately to N02 in the air

3-
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We note that little
is available about baseline

ambient air
concentrations of N0 Utah

flonurban levelConsidered typjc of the IGS si area is about to Ug/m
Maximum va1es in urban areas of the State range from 38 ug/m3 to
60 ug/m3

Calculation5 Indicat that the axjm anual average
ground.1ev

concentration of NO. to the IGS would be4.3 ug/m kin from the plant

Atinospheric dilution would re1ce the impact of IGS NOemissions
substantialiy by the ti.e they Could be transported to

the sensitive areas of the Wasatch Range Some 160 km 100 milesaway Assumjng uniform vertical .ixing and an average neutralstability COfldjtj0 we estjate
ccnservatjvely that the dilutjo

in ics emissj05 over thjs travel distance would be such that the
annual or seasonal average contrtjo to the ambient

NO2 levels
could be no more than about pernt of the maxjm values near
the plant site i.e about 0.3 ugzj An 0.3 ug/m3 contributi0Is less than 0.8 percent of the axjmurn annual ambient

NO2 levels
in the sensitive areas of the Wasth Range As noted in thefollowing section terrain chane..g of winds near the surfacewould normally preclude transport of IGS emissions into the highmountains of the Wasatch Range Thus even the Insignifjestimate of 0.3 ug/1n3 increase is

an overstatement ofpotential average IGS impacts in this area

2.2 Transport of Pollutants Frc the ics to Sensitive Areas

An important factor in
evaluating the potential forSigT1jfjc impacts of Source to COfldjtj05 at receptor is

4Bowers J.F Personal comznuricatic
bowers J.F A.J Anderson and

argrav5 1983
alculated Air Quality Impact of Eissj05 from theInterrnountain

Generating Station -- Two UnitReport TR-83478_01 R.E Cramer Ca Inc Salt Lake City UT
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the frequency with which the sources emissions may betransported toward the recetr by the winds Several factorssignificantly limit the likelihood of transport from the icstoward the Potentia1ly susceptible high elevatjon lakes in theWas atch and Uinta Mouj
The surface waters in Utah that exhibit low alka.jnjtjesi.e low

acidbuffering caPacity are generay at elevations of10000 feet or more Vertical mixing in the atmosphere over theSalt Lake Valley is nora1ly restricted in winter to the lowest3000 feet by the preseflce of elevated inversions The cappingeffect of the inversions effectively suppresses air motions thatwould cause pollutants in the valley to be carried into the highmountain areas to the east Instead the winds tend to flow fromthe south to southwest i.e parallel to the high terrainalthough seconda Upslcpe ad downslope flow complicate thePrevailing motions near the ountajns Thus Pollutants emittedby the IGS are transported mainly northward and parallel to theWasatch Range not eastward into the mountains The extent towhich polluted air from the source regions in the valleypenetrates eastward into the areas Considered susceptible toacidic deposition is uno- However circwnstantial evidencethat eastward transport is suppressed is found in Utah snowpackchemistz-y data Messer et a..6 found that chloride
concentrations in snow were largely the result of atmosphericscavenging arow-id the Salt Lake area The water of Great SaltLake has substaiitjaj salt NaC1 component The data of Messeret al.6 show that the chloride ion concentration in the snowpackdecreases by factor of two within an eastward distance of 30miles from Salt Lake City This strong change eastward into themountain2 suggests that the rate of Pollutant depositions

6Nesser Slezak and Liff 1982 Potential for AcidSnowrnelt in the Wasatc zajns Report UWRL/Q-82/06 Utah Water
Research Laboratory Ucar Sate Unversity Logan UT

5--
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decreases rapidly as storms pass over the valley eastward intothe mountains The data is also Consistent with the COflClUSjOflthat the principal route of air transport in the valleyparallels lhe mountains and does not penetrate into areas to theeast

Nitrate ion data in the Wasatch Mountain snowpack does notshow strong gradjen5 like chloride The reason for thisdifference is not known but may be related to differences incloud or precipjtatj0 scavenging of Partially soluble NO gasesvs scavenging of highly soluble NaC1 particles In any case theconcentrations of nitrate found in the Snowpack east of Salt LakeCity are 9.3 ueg/ljter or less as Compared with largerprecipjtaj0 values of 10 to 33 ueg/ljter further east in

Colorado.7 This difference is important because it indicates theminimal influence of the Salt Lake City metropolitan area ondepostion in the neighboring area If the local Salt Lake City1i1uence is small then one would certainly not expect the IGS100 miles away to have any apprecj1e effect in the sensitivemountain areas

2.3 Lack of Evidence of Acidity Effects

The watersheds and biome of the Wasatch Mountains have beenpotentially exposed to elevated NO concentrations from the SaltLake City and Provo metropolitan areas for many years Theseexposures are much larger than tre small incremental increaseexpected from the IGS plume Is there any evidence of surfacewater acidification or of adverse effects from nitrate depositionin the mountains Without exception the answer to this questionis no

7Based on 19791980 obseatjons from the Nation Acid DepositionProgram NADP for sites in the ocky Mountains of Colorado
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The work of Messer et al.6 indicates that there is an

abundance of alkalinity retained in the Wasatch snowpack and

lack of mineral acidity both resulting from scavenged soil dust
in the snoy This result essentially supercedes the result found
in snow chemistry data for sites in the Wasatch Mountains 23

years earlier based on very limited number of samples for Utah
Mountain sites in 1959.8 Two Wasatch Mountain samples showed

nitrite and nitrate levels in snow to be between 1.7 and 11

ueq/liter These are comparable to values reported by Messer et
al.6 for snow sapled in 1982

Water quality data are available from historical lake

surveys in the Uinta River Provo River Duchesne and Weber River

watersheds from 1956 to 1981 Although the lakes sampled by the

various surveys are rarely the same the reported chemical

properties show lake alkalinities in the mountains are generally
20 mg/liter as bicarbonate less The pH value of these lakes

range between 6.4 and 8.5 over this same time period.9

Data reported for six lakes surveyed in the Uinta Mountains

showed nitrate levels of 0.05-0.10 mg/liter with pH 6.57.0 in

1956 survey 2325 years later cf different Uinta Mountains

lakes 1979-198 showed nitrate levels from 0.05 to 0.2

8Feth Rogers and Roberson 1964 Chemical Composition
of Snow in the Northern Sierra Nevada and Other Areas Water
Supply Paper 1535-J U.S Geological Survey U.S Govt Printing

9Office Washing.on DC
Reports of the Utah Di- of Wildlife Resources for the Lake Fork
and TJinta River drai.nages 1971 a1es D.C.D 1958 An
Inventory of the Waters of the High Uintas Utah Dept of Health
1982 State of Utah Clear Lakes Inventory and Classification
Utah Dept of ealth 1980 State Water Quality of Selected
Impoundments

IPI 1_001407



mg/liter and field pR values between 5.8 and 8.2 One casePyramid Lake in 1981 was reported to have nitrate levels of 0.6mg/liter and pH value of 7.8 mis comparison indicates noevidence o4 any his torica change either in pH or nitrate
levels in high altitude lakes of the Uinta Mountaj
Unfortunately no parallel information on historical trendsappears to be available for the Wasatch Mountain waters In theabsence of such data the Uinta history must be taken asregional index of water quality

As final comment it is noted that fish surveys have beenconducted in the Uinta and Lake Fork River drainages The
surveys have been made by the Utah DVjj0 of Wildlife Resourcessince 1960 The surveys show no reports of fish populationdeclines attributed to any water quality factor includingacidity

2.4 Innocuous Nature of Nitrate DePosition

The effects of small incremental increases in nitrate
deposition on the biome will be negligThle because of its
innOCUOUS character Nitrate is widely used as fertilizer forenhancement of nitrogefl_ biosystems It is rapidlyassimilated into the bloine as part of the growth and decaycycle There is no evidence that nitrate se acts in any wayother than as nutrient in terresja1 systems

Nitrate is not retained in lo.-alka1inity mountain lakes orstreams because these waters are oligotropjc in character andthe bioine is nutrient-lean Added nitrate is taken up by bothaquatic and terrestrial biota as nutrient Thus we would notexpect to see accumulation of nitrate in the low alkalinity lakes

Nitrate deposition may also izolve deposition of hydrogenSome researchers have stated that increased acidity of

8--
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snoack results from nitric acid accumulation As noted aboveno reports of fish kills
lflVolvlflg acidificaiton with Snoe1thave been reported in the West There is no precedent to expect

that any Shall incremental chg in the deposjtio of nitrateas an acid on snow will cause damage to isherjes in the highaltitude waters of the Wasatch R.nge

SUMIVIRy OF CONCLUSIONS

Survey of available 1nforzatio Indicates that thecombination of atrnoshperjc diluti3n terrain
channeling oftransprt winds and suppressj0. of vertical mixing above the

surface layer strongly reduces the Poss lity for any 1flfluence
of NO enunisjons from the proposed IGS Ofl acid deposjtj0 in theneighboring Susceptible areas of the Wasatch Mountains

The projected increase in a-ua1 ambient
NO2 concentrations

due to IGs emission5 are small less than 0.8 Percent compared
with current baseline urban levels measured in the State Noevidence exists in Snowpack precpjtation or water quality data
that sugges historjca changes have Occurred in acidity or in
nitrate

concentrations Since the 1d-l95O5 This is despite thepressure of
growing rnetropoljt area around Salt Lake City and

Provo Which has Involved Increased NO emissions from stationa
and mobile sources Since the 1950s
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Attachment

Cramer company inc
POST OFFICE BOX 8049 SALT LAKE CITY UTAH 84108 801 581-0220

UNIVERSrrY OF UTAH RESEARCH PARK

July 1983

Mr James Anthony
Project Director

Intermountain Power Project
Box 111 Room 931

Los Angeles CA 90051

Subject Response to Couents by the Utah Chapter Sierra Club et al onNO Emissions from the Intermountain Generating Station IGS
Dear Jim

As requested by your staff have reviewed the followingdocuments Intermountain Power Project and NO Controls by HowardWilkerson from the JuneJuly 1983 issue of Uinta Nws publication ofthe Utah Chapter Sierra Club and the 20 April 1983 letter from theUtah Chapter Sierra Club five other environmental organizatjon and oneindividual to the Utah Air Conservation Conmittee entitled IntermountainPower Project and Selective Catalytic Reduction Technology Among themajor issues identified in one or both of the documents are the contentionsthat no dispersion model calculations of the air quality impact ofemissions of oxides of nitrogen NO have ever been performed or theIntermountaju Generating Station Is stationary source NO emissionsin the State of Utah will be doubled by the addition of the NO emissionsfrom the twounit ics as currently designed the NO emissons fromthe IGS will contribute to the current problem of nonatajnment with someof the National Ambient Air Quality Standards NAAQs along the WasatchFront and the NO emissions from the IGS will form visible brownplume that will exten 20 miles or more downwind depending on the meteorological conditions in an area of high visibility My comments on thesefour issues are given below point out that my comments are restrictedto my areas of expertise and do not address issues such as the feasibilityof various types of emission control technologies

Issue

All of the Cramer Companys dispersion model analyses ofthe air quality impact of emissions from the ICS identified as the IPPPower Plant in our earliest reports have included calculations of nitrogendioxide NO2 concentrations Bowers etal 1978a Bowers etal1981 and Bowers et al 1983 For example under the assumption thatall N0 molecules are immediately converted to
NO2 as they exit the

rttaer sr. r%.re NIrr cri.j ur-s er el ars ..-
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Mr James Anthony

July 1983

Page
Twos

stack Figure 3-2 ofour report on the current tounit version of the IGS
Bowers et al 1983 shows that the calculated maximum annual average
groundlevel NO2 concentration attributable to emissions from the IGS of
4.3 micrograms per cubic meter occurs 7.1 kilometers northnortheast of the
IGS stack This maximum annual NO concentration is small fraction of
the primary and secondary annual NiAQS for

NO2 of 100 micrograms per
cubic meter

Based on the air quality data available from the Utah Bureau of
Air Quality UBAQ the highest annual

NO2 concentrations in the State of
Utah of about 60 micrograms per cubic meter are found in the Wasatch Front
cities of Provo and Salt Lake These concentrations are primarily attri
butable to emissions from mobile sources along the Wasatch Front In our
air quality impact analysis for the original fourunit version of the IGS
Bowers etal 1978a we concluded that there will be negligible inter
actions of emissions from the IGS with emissions from the mobile and stat
ionary sources along the Wasatch Front because the IGS and the Wasatch
Front are contained in different functional air basins In other words it
is our opinion that it will be impossible to measure the effects of NO
emissions from the IGS in the Wasatch Front area because the NO concetra
tions attributable to emissions from the IGS will be negligibie

Issue

According to the article by Mr Wilkerson NO emissions from
the current twounit IGS viii approximately double the stationary source
as opposed to mobile sources such as cars of NO emissions in Utah
To the best of our knowledge this statement is based on erroneous or outof
date information According to the information provided to the Cramer
Company for use in the air quality impact assessment that is contained in
the Final Environmental Impact Statement for the expansion of the Emery
Hunter Power Plant Bowers et al 1978b current NO emissions from
only Hunter Units and in combination with currentCNO emissions
from Units and of the nearby Huntington Canyon Power Plnt exceed the
NO emissions that will result from the operation of the twounit IGS byfactor of about 1.3 There are of course stationary sources of NO
emissions in the State of Utah in addition to the Hunter and Huntingto
Canyon Power Plants Thus the NO emissions from the twounit ICS will
not double the stationary source amissions in Utah

Issue

We expect that NO emissions from the ICS will have the same
negligible impact on the ai quality in the Wasatch Front area as the
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Mr James Anthony

July 1983

Page
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impact of the NO eiælssions from the Hunter and Iuntington Canyon Power
Plants Based on our examination of the NO2 air quality data tabulated
by the UBAQ for the Wasatch Front cities of Provo and Salt Lake we areunable to discern any effects of the increases in stationary source NO
emissions as Hunter Units and and the second Huntington unit Uit

came on line during the late l970s and early l980s For example the
annual average NO2 concentrations in Salt Lake City and Provo were Constant
during the period 1979 through 1982 To illustrate that the effects on
NO2 air quality in the Wasatch Front area of emissions from these two
power plants are negligible in comparison with the effects of emissionsfrom local mobile and stationary sources and the effects of yeartoyearvariations in meteorological conditions the highest and secondhighest
hourly NO2 concentrations measured in Provo and Salt Lake City during
1981 were lower than during 1980

The letter from the Sierra Club et al expresses concern aboutthe fact that the Wasatch Front area currently is not attaining some of the
NAAQS 40 CFR 52.2331 However we point out that the entire State of
Utah is an attainment area for the

NO2 NAAQS Even if the maximum groundlevel
NO2 concentration estimated at any point for emissions from the

twounit IGS is added to the maximum NO concentration measured in the
State of Utah the resulting concentration is well below the NAAQS
Additionally because of the negligible NO concentrations that we expect
along the Wasatch Front as result of exniLions from the ics we expectthat emissions from the IGS will produce negligible contributions to the
concentrations in the Wasatch Front area of photochemical air pollutants
such as ozone 03

Issue

Mr Wilkersons article concludes that Finally the NO willbe visible depending on the weather as brown plume twenty or more miles
long in region which now has high visibility Based on the available
data the Delta area does not have high visibility in comparison with the
pristine air quality areas of Utah The mean visual range maximum distance
at which an object can be seen at the Delta Utah Airport during the period1949 through 1954 the most recent period for which visibility observations
are available was only about 70 kilometers Bowers 1979 This visibilityis much less than the 170kilometer regional visual range estimated for
Utah by Latituer and Ireson 1980 Figure 13 Our analysis of the Delta
Airport hourly surface weather observations indicated that windblown dust
probably attributable to agricultural activities was the primary cause ofthe relatively poor visibility in the Delta area
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Mr James Anthony

July 1983

Page
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Whether th plume from the IGS will bevisible will depend on the
background illumination the plume constituents and dimensions and the
relative position of the sun plume and observer The brown plume described
in Mr Wilkersons article assumes that the

NO2 concentration in the IGS
plume is sufficiently high that enough blue light is selectively absorbed
to produce discernible discoloration Although we have not evaluated the
potential visibility impacts of emissions from the IGS within 20 miles ofthe IGS plant site we have evaluated the visibility impacts at the nearest
existing and potential Class pristine air quality areas of emissionsfrom the original fourunit IGS configuration Bowers 1979 The resultsof our model calculations indicated that there will be no detectable
atmospheric discoloratjons or reductions in the visual range attributable
to these emissions

hope that the above co1ents help to place in perspective the
concerns expressed in Mr Wilkersons article and in the Sierra Club etal letter

Sincerely

James Bowers

Principal Scientist

JFB bjs/aj
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Mr James Anthony
July 1983
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EXECUTIVE SUMMARY

The objective of this study to compare electrostatic
Precipitatqrs and fabric filters applied to the Intermountain
Power Project IPP as the particulate collectjon device

After tborougy examining the advantages and

disadvantages of these two particulate control equipme
alternatives the seleoton of fabric filter is recommended
Major reasons for this recommendation are summarized as follows

The performance of electrostatic precipitators
depends very much on coal and fly ash properties but this is
not usually true for fabric filters IPP has not obtained
confjed sources of coal supply and furthermore it is almost
impossible to secure consistently unIform coal propertjes during
the life of the plant The uncertaInty of coal properties makes
the fabric filter better Choi than the precipitator

Zn genera fabric filters have higher OollectIng
etfjcjej5 than electrostatic precipitators and moreover
they can consjtetly maintain this high efficiency well
designed precipitator can achieve very high efficiency but this
efficiency tends to vary depending on coal properties and
operating COfldItIs Field experiences have shown that

precipitators often gradually deteriorate after few weeks of
operation and have to be shut down for washing and other
maintenance to maintain high efficiency
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Fabric filters are more effective in reducingplume
opacity than electrostatic precipitator5 The majorcontrjbutj05 for ViSLbl plumes are fine particles In the Sizerange of 0.2 to 1.0 micron Fabric filters can collect theseparticles more effectively than precipitators can Plumeopacity is an important

consideration for selecting partjcult5control device because IP is located in an area where
aesthetics is

very sensitive issUe

Cost comparjso5 show that the fabric filter isless expensive than the precipitator The fabric filter alsohas the potential to further reduce its Costs by increasingbag life

In the western states where lOwsulfur coals arethe major source of fuel more Utilities have cOmmitted
themselves to fabric filters than those cojtted to
precipitator It appear that the performance record of fabricfilters has already convinced electric Utilities of their
superiority Over precipitator3

In this Study the favorable results for fabric filtersmake the recoendation obvious But it Should be noted thatthe conclusIons are only applicable to
zenerating stations

burning lowsulfur coals and under certain conditions it isnot the intention of this Study to generalj the results for allcases

ii
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Ifltroductio

The purpose of thj report is to Provide technicaland economic
evaluation3 of the alternative methods ofparticulate emis3j0 Control for the

Intermounain Power Project
IPp

Generating Station located in the
Delta...LyflfldYl area ofCentral utah

key environmental problem facing the electric
Utility

industry is the increased emphasis by regulatory agencj3the application of hIgh efficiency Particulate control devices
to Pulverized

Coal_fired boilers The
Particulate emLj0 11tinitially set by the

Environmental
Protectj0

Agency EPA wa
0.1 lb/6 Btu Under the Clean Air Act of 1977 EPA Promulgon June Ii 1979 New Source

Performance Standard forparticulate3 of 0.03 lb/TO6 Btu which is more than three tjesstricter than the previous limit In the
Conditionai Permit to Commence

Construction and Operatjo of
IPP by EPA Region VIII the

particulate emissions are further1mited to only 0.02 lb/106Btu Thj stringent
ParticulateemissI0 limit has definIte Impact Ofl the selecti0 ofparticulate control equipm

Electrostatic
precipitator3 have been the dominantParticulate ache ion device in the electric

Utility industry
for many years

However increasingly string em13sj0standards have led to
substantlaliy h1ghe Oo5t forPrecipitator3 Theie Costs have Increased so high that fabricfilters baghou33 have become

competIti
alternative inachieving cost effectIve control of

Particulate em1j03

-1-
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Besj coat
consideratjo3 the Stringent emisai lijalsohave placed fabric filter3 in

technically favorable PO3itibased on dJta from
increasjg flUbers of recent fabrj0 filterapplications to Utility boilers

report compares the
advantages and

disadvantagesof fabric filter3 and
precipitators in light of such factorsas coal

Properties Visibi1it
availabiljt7 other Utilitiesexperiences cost3 and related regulaj03

finaj
13 made based on these

oomparjs03

-2-
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11 Technjcai
Discu33i0

Electrostatic
Precipitator

rec1pitatO3 have operated
successfully Over

flUmber
of years for Wide range of particle Sizef the electricThe basj0

Precipitation Process takes Place in three
steps first the particles in the flue gas are charged bybombardment of gaseo5 tons that are produced by eans of high
voltage corona discharge The charged particles then migrato

Coflecting electrode of OPPosite
Polarity and finally

the Collected material is disloged by mechanjoa1 forces to anappropr4 ate Storage Space for Subsequ disposal
The Performance of Precipi0p3
Th

performance Of
Precipitator is sen5jtve to

number of items whjh are sometimes
interrelated Withea other brIef discu3 of them is given here

Coal
Characteristic

The performance Of an electrostatic
precipitatoris affected throug Its

oPerating life by the coal burnedIn the boiler
major coal characteristic of Concern is itfly ash

resistjvit The
resistivity is functj0 of fluegas temperature fly ash mineral analysj5 flue gasmoisture and sujr ooflteflt in the coal Western lOWsulfurcoals are noted for their high

resistivity ash and
difficultyto precipj FIgurE presents tYpical curves of electricalresistivity as funej0 of flue gas temperature and SulfurCofltCflt in the coal.t To overcome the

difficulties of highPeSiStlyfty fly ash three methods are eneray employed
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SÆ
to oversize the

Precipitator to Inject gas COnditioningchemicals to Use the precipitator before the air preheaterhotside
Precipitator But any one of these has its äwproblems to be Solved

Sodi Cofltent in the coal also affects theperformce of PreCipitato3 the coal w1t12 low sodium contentproduces
unsatisfactory precipitator performance Field

operating data shows that reductj0 In sodium content fromthree percent to one percent produces almost 50 percentdecrease in effective migratj velocity 50 percent decreasein migratj velocity requires
aPproximately 50 percentincrease in requIred precipitator size This

approximation canbe found from the Deutsob equatj Which is the basj5 forprecipjta0 design

Precipj0
specificatj03 should be based oncoal properties The more coal information one can obtain priorto issuing the precipitator
sPecification the less chance therevifl be of performance problem Thought should also be givento coal properties which may be encountered many years into thefuture Coal core sample analysis Should be requir from areasof mines wb1h will be mined many years into the future

Specific Collection Area

Speoij0 Collection Area SC is defined as thearea of collection surface Per 1000 actual Cubic feet per minuteof flue gas flow The commonly used unit is ft 2ooo acfmwhich generally describes the size of
precipitator ScA is
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dependent on requ
efticj.7 particle sizedistribution ash chemical

Properties ltjtude and othersThe use of electrostatic
Precipitators to Collect90 percent or more of the fly ash at coal buring power plantshas been commonplace for 50 years At the

COllCCtjflg fficienoyof 90 percent precipitator3 can perform very well using SCAwell Under 200 In recent years however more and morestringent particulate emission standards pusi the
collectingefficiency to 99 or 99.5 percent for new aoal...fjred power plantsin the United States This requi

precipitator with muchlarger SCA For
example precipitator for 99 percentefficiency is at least twice as big and Costly as one for 90percent

efficiency for any given type of fly ash from givenflue gas composjtio at given temperature and humidity
To achieve adequa

Performance the trend forprecjp4tator design is that much larger sc is used for newpower plants than for the existing Ones For
example underthe New Source Perfoance Standard of 0.03 lb per million StuEPA has predicted 1000 SCA for lOw3ulfur western coal.2The larger Size

precipitator of Course affects the capital aswell as operating Costs

Flue Gas Flow Distrjbutj0
Poor gas flow distribution can seriously impairthe performance of

precipitator Tbi poor di3trjbutjcresults from Poor inlet duct arrange or from fluctuationsin boiler load With gas flow at high velocity through someparts of the 5ystem and at low velocity through other parts
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the overall colletj0
efficiency is reduced This reductj0is caused by the effect of creating different Specific Collectionareas acro1 the face of the precipitator High velocity areashave the effect of reducing the preoipjt0 côiej0 surfaceper unit of gas flow

Boiler OPerating Condition3

Boiler OPerating COfldjti3 can have dramaticeffect on Precipjtat3 performance Flue gas flow may varydue tovaz.jatjons in the coal properties There may be periodswhen Operation with increased boiler excess air is requjrThe leakage of air preheaters vii increase with time Althese operating condition3 will affect the performance ofprecipjta0

Sometimes Oxygen thba.ances Occur across theboiler The imbalance forces the operator to boost the totalair flow in order to operate with safe oxygen level in allareas of the boiler Thi3 increase of air flow can usuallyaffect the preojpjtator9s performance A.o variation intemperature across the flue gas can result in sign1f1c
differences in temperature across the precipitator which in turninfluences precipitator performance

Cold and Hot precipitator3

Precjpjt03 are classified as cold side Ufljt3when they have been installed downstream of the air preheaterwhere gas temperatures are in the range of 250 deg to 350deg Hot precipitator3 are those installed upstream of the
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air preheater where gas temperature3 are in 650 deg to 750deg
range

Cold precjpjtt3 have been used for many yearsin the utility Industry burning hIgh....suf coals As the resultof more stringent rules on 302 emissj03 Utiliti3 started toConsUme more lOwsulfur coals for Power generatj0 High ashresistivjt Is always associated with lOwsulfur coal whichresult3 in lower collection efficiency ash
resistjvjtcan be reduced by increasing gas temperature the hot

precipitator was Introduced for UnIte burning lOWsulfUr coal
hot precjpjta treats larger flue gas Voluebecause of the elevated temperature Besides Other Problemssuch as air leakage and differential thermal expansion betweendifferent parts cause operating diffjcultje3

In the past few years the discussion to installhot or cold precipitator has always been controversial VCfldOphave taken OPpong sides of the argume For lowsulfur coalthe size of cold precipitator can be enlarged to achieve thesame col1ecti0 efficiency as hot precipitator It seems thatwith proper attention to design Consideration and good operatingand maintenance
practices both can be competitive alternatives

American arid European Designed Precipjt03
American designed precipitator3 use weighted wirefor the discharge electrode and light gauge flat plate for

the Collecting electrode They utilize rapping forces of 10to 50 10 to 50 times of the acceleration of gravity todrIve the dust Irito the hoppers The light weight cozj0

-7-

iiii_001426



does not allow Very high lntensj rapping which is requfor the high
resistivity ashes The baj0 advantage of thj3design is tIe
relatively low capital cost
The main features of

uropeaj desjgflprecipitator are the discharge electrode is Supported withrigid frame to reduce wire
breakage the rappjg ifltCflsity

is at least ioo gs 100 times the
acceleration of gravity

The European design
Usuafly stronger and larger than theAmerican design The Europe design coats more but is moreCapable of handing high

resistivity fly ash and
maintainingperformance

efficiency

Fabric Filter

The basj0 design of fabrj0 filter unit is simpleand
It employs the

filtering
caPab11jt ofhigh..effj07 woven or felted fabric to form tubes or bags that

are placed in housing structure cafled bagho5
thisreport the bag1ou3 and the fabric filter are meant to be thesame equjp and are used

interchaflgey The highefficiency require3 of Particulate removal and longer bag
life have made the

application of the baghou3
economicallywith

electrostatic

Wh flue gases pass through the cloth filterParticulate are trapped in the fabric mesh The collectionprocess enhanced by the particulate cake that is built up
on the fabric surface This particulate cake acts as filterto the finer particles in the flue gas stream As this filter

8.
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cake increases in thickness the pressure drop across the filtersurface increases In order to avoid an excessively high
pressure dop across the bag surface the filter bags are
periodically cleaned to remove most of the builtup filter cakeThe filter cake then falls into an ash collection hopper beneaththe filter bags for eventual removal

The Performance
of Fabric Filters

Fabric filter units are not sensitive to fly ash
resistivity and have proven themselves capable of high
partjóujae removal efficiencies to produce very low outlet dustloadings To Use western lowsulfur coal under existing
stringent emissions regulatj3 these two factors put baghou3
on favorable or at least competitive Position to
precipitators

Major limitations to the successful performance
of baghouses are flue gas temperature and pressu drop
Temperap is limited to about 550 deg at the high end to
prevent bag damages At the lower end of the temperature scaletemperatures are limited to about 30 deg above the water dew
point to prevent bag Plugging by COfldCflSd moisture During
boiler startup the flue gas is bypassed from the baghouse to
avoid bag damages In addition to the bypass the baghou
sometimes is heated to reach the temperature above the dew pointbefore being put back on line Pressure drop acro bags depends
on the gas volume filtered through unit area of cloth which
is called the ajrto...cloth ratio Too high an airto_cloth ratio
leads to increased filter resistance and hence high pressure

-9
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drop This high pressure drop causes excessive bag wear and
reduces bag life It may aiSo cause load reductions due to fan
power limittjo3

Baghous configuraj also hs signifjca
effect on baghou performance MUltj0l1 Construction is
necessary for good performance The general approach is that
two cells can be taken oft-line at full load one underigoing
cleaning process and one undergoing maintenance With th
desIgn even the largest steam generator can be operated with
limited downtime for repair or maintenance thus enhancing the
availability of the particulate control System When the boiler
is Operated at low loads it is often necessay to shut off part
of the baghouse cells to keep gas temperature high enough to
prevent moisture condensation

Fabric Filter Sizing

Basically fabric filter Is device producing
relatively constant outlet grain loading even with various

ash Contents in the coal Thus the required particulate removal
efficiency hä little impact on the size of the baghcuse

The most 3ignjfjca factor in determining baghouse
size is the airtoc3oth ratio A/C ratio Also the size of
the individual bags diameter and length of the bag will affect
the baghouse size In order to limit the pressure drop to Under
five inches water the A/C ratio of two is considered to be
conservative criteria for sizing baghouse for coalfired
Power plant.3

10
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Cleaning Mechanism

All bagho35 operate in basicany the same wayand the main Variations between different baghouse5 are in the
type of fabric used and the fabric Cleaning mechanism In factit is the cleaning method that characterizes one type of baghoufrom another

Filter bags are cleaned by three basic methodsThese include shaking reverse gas flow and pulse jet
Sometimes more than one of the cleaning methods are used in
cobjnatjo or the baghou is designed so that the operator
can select operation in either single cleaning mode or in
combination of cleaning modes it is generally believed that
reverse gas flow is the best method of cleaning because it doesnot subject the fabric to severe stress as the case with shakingor pulse jet

Shaking

The shaking method cleans the bags in manner
similar to shaking rug Before the shaking starts dirty gasflow is shut oft in single compartment The bags in this
compartment are then shaken at the top to dislodge the dust whichis then collected In the hopper below The shaking mechanism
design must be especially adapted to the type of fabric used
Shaking is vigoro cleaning method and can be accomplished
in various degrees of severity Too violent shaking can damagethe bags Too gent shaking may fail to dislodge deeply
embedded fly ash Consequently controls are needed to permit
adjustment of the intensity frequency and duration of shaking

11
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Reverse Gas Flow

With reverse gas cleaning the clean gas outlet
of cell Is shut off first Following brief flow period
for dust settling cTean flue gas is introduced in reverse
flow to gently collapse part of the bags and dislodge the ash
allowing it to fall into the hoppers Following another

quiescent noflow period the cell is returned to service
Typical cleaning processes are usually so designed that

compartments or cells are continuously cleaned on cyclic
basis one at time The period between cleaning cycles can
be adjusted to accommodate various inlet grain loadings produced
by different coal ash contents Proper control of the frequency
of cleaning and duration of cleaning will maintain an acceptable
pressure drop across the entire baghouse Normally baghouseg
with this cleaning method and the shaking method are

ompartmentaljzed so that one compartment can be isolated for

cleaning while the remaining compartments handle the total gas
flow

Pul Jet

With pulse jet cleaning each individual bag is

subjected to high intensity blast of air from inside of the

bag The pulse action expands the bag and forces the dust cake
trcm the exterior side of the bag venturi of diffuser nozzle
is usually mounted on the top of the bag and assists the pulse
jet by aspirating secondary air Pulse jet unite are usually
designed so that pulse time the interval between pulses the

number of pulses and the frequency of cleaning can be adjusted

12
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The cleaning can be accomplished either while the bag is

filtering combustion gases or with the compartment Oftline

Pressure Drop

Pressüj.ie drop through the fabrjofjlter system
is one of the major concerns to the potential user Most

baghouse systems are designed for flange_to_flange pressure
loss of four to eight inches water Many factors affect pressure
drop in the baghouse such as A/C ratio inlet grain loading
frequency of cleaning duration of cleaning and the number of

compartments The dominating factor is the A/C ratio By

averaging data from different sources Jensen of Bechtel
Power Corporation derived an equation relating pressure drop and
A/C ratio as below

O.566V18

Where is the pressure drop in inches of water co1un and

is A/C ratio in feet per minute Figure presents the relation
between pressure drop and A/C ratio it should be noted that

the curve in Figure is only an average value and cannot be

used for design purposes but the relationship is very clearly
demonstrated

With properly designed A/C ratio the pressure

drop can be limited by the frequency and duration of cleaning
Two different controls can be employed to limit pressure drop
timing controls or pressure controls With timing controls
the compartments of baghouse are cleaned at predetermined
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intervals which keep the pressure drop below certain values
With pressure control predetermined cleaning cycle is

initiated Lch time the pressure drop across the baghouse exceeds
certain values

Baglife and Bag Material

The fabric filter bagljfe is function of many
variables such as operating A/C ratio pressure drop cleaning
method and its intensity and frequency chemical properties of

fly ash particulate loading and particulate size distribution
Vendors usually guarantee twoyear bag life but based on actual
field experience bag life of three or more years can be

expected

Selection of bag material is one of the most

important factors in prolonging bag life The choice of fabric
is dependent upon the inlet gas temperature particulate chemical

characterstjcs particle size and concentration acid dew poInt

temperature and moisture content of the gas stream To

withstand the operating temperatur and sulfur oxide content

from coalfired boilers the only commercially proven fabrics

are woven fiberglass and felted teflon according to Stenby
of StearnsRoger Inc.5

Design Considerations

Important considerations in designing baghouses

for coalfired utility boilers are listed as below

se conservative airtocloth ratio The

gross A/C ratio should be about to With one or two

compartments out for cleaning and maintenance the ratio can
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be higher but never exceeding 2.5 to With proper cleaning
methods the to ratio is consistent with acceptable pressure
drop longba life and good particulate collection efficiency

Design pressure drop should be nominal four
inches water with maximum of six inches water Based on field
testing data the Environmental Protection Agency EPA reported
that using an airtocloth ratio of to pressure drop of
five inches water or less can be achieved

Use reverse air cleaning method.3 ThIs
is the most gentle method for filter bag cleaning The cleaning
cycle should be automatically controlled by monitoring baghouse
pressure drop Once the pressure drop reaches present limit
the cleaning cycle should be started timed cleaning cycle
should also be provided

The baghouse should be designed to operate
at full load with two compartments offline one for cleaning
and one for maintenance This arrangement will increase the

baghouse reliabilIty and availability

Provide low gas inlet velocIty to each

compartment with sufficient ash hopper storage capacity to

minimize turbulence and reentrainment of fly ash

Monitor and control flue gas temperature at

baghouse Inlet to stay at least 30 deg above the water dew

point An air heater bypass should be provided for increasing
flue gas temperature when the boiler is operated at low loads

15
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Woven fiberglass with teflon coating should
be considered as bag material Field testing indicated that
this type of bag material can achieve very igh particulate
removal efficiency

Easy and safe bag replacement arrangement
should be provided

Opacity and Pressure drop monitoring
instruments should be installed to detect failures as early
possbjlŁ

Provide proper bag tensioning to achieve good
performance and extended bag life

The heating of baghouses and hoppers may be

necessary under extremly cold weather

16
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III Cost Estimates

Costs of electrostatic precipjtators and fabric filters

are compared and discussed in this section from three different

sources The first one was reported by EPA for their background

jnformation.3 The second source was developed by StearnsRoger

EngIneering Corporation and Electric Power Research Intjtute.7

The third one came from study for IPP by GCA Corporatjon.8

It should be noted that the purpose of these cost estimates is

to give adequate comparisons between electrostatic precipitators

and fabric filters on the same basis These costs do not

necessarily reflect actual capital and annualized costs because

of different methods of calculations by different sources

EPA Cost Estimates

To cover realistic spread of conditions that might

occur within the electric utility industry EPAs estimates

considered two types of coal three different control systems

and four plant sizes The two types of coal were one

containing 0.8 percent sulfur 8.0 percent ash and heat value

of 10000 Btu/lb the other one containing 3.5 percent sulfur

121 percent ash and heat value of 12000 Btu/.b Three control

systems were fabric filter electrostatic precipitator and

venturi scrubber The plant sizes were 25 100 500 and

1000 MW For the application to IPP only lowsulfur coal with

fabric filter and electrostatic precipitator are considered here

17
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Capital Costs

Capital Costs are in 1980 dollars which include

indirect cbsts covering interest during construction field

overhead engineering freight offsites taxes spares and

startup These indirect costs are estimated as 33.75 percent
of installed cost Also contingency allowance of 20 percent
of the total is added to reach the final turnkey investment

For fabric filter an airtocloth ratio of 21
is used for the estimates For the electrostatic precipitator
threesjzes of precipitators are used because the removal

efficiency is function of the plate area and the cost is also

function of the plate area The sizes vary from 1100 to 650

square feet per 1000 acfm

Annualized Costs

The total annualized costs include direct operating
costs and annualized capital charge Direct operating costs

include fixed and variable annual costs such as labor and

materials needed to operate equipments maintenance labor and

materials utilities including electric power fuel water and

steam and disposal of liquid and solid wastes Annualized

capital charges include capital recovery factors representing

percent interest over 20year life An additional four

percent of total investment was also added to cover general

administration property taxes and insurance The mills per

kilowatt-hour were computed using 65 percent operating factor

18
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Table presents capital and annualized costs for
both fabric filters and Electrostatic precipitators For power
plant of 82 MW such as for the IPP unit the capital cost for

fabric filter is abQut $45 million and the capital cost for

an electrostatic precipitator is $62 million The annualized
costs are 1.86 mills/kWh for the fabric filter and 3.55 mj11s/k
for the precipitator These numbers were interpolated between
500 MW and 1000 MW The economic advantage of fabric filter
over precipitator is clearly shown here specific collection
area SCA of 650 was chosen for the precipitator cost

estimation because for stringent regulation of 0.02 lb/106 Btu
emission rate this is more realistic number to be used

Stearns-Roger Cost Estimates

The economic findings by Stearns-Roger was sponsored
by the Electric Power Research Institute and presented in 1979
The cost estimates were based on 500 MW pulverized coal-fired
boiler burning four different types of coal The coals were

Wyoming subbitumjnous 0.56 percent sulfur North Dakota lignite
0.68 percent sulfur Alabama bituminous 1.9 percent sulfur
and Eastern bituminous Since Utah coal was not included in the

study the costs using Wyoming subbituminous coal are presented
here because the Wyoming coal is..the most simjlar to the Utah
coals that are expected to be used at IPP

Five different particulate collection systems were

considered hot side precipitator cold side precipitator

fabric filter with 20 compartments and two-year bag life fabric

filter with 20 compartments and four-year bag life and fabric

filter with 40 compartments and two-year bag life

19
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Capita Costs

Capital costs were estimated for range of outlet
emission leVels Included in the estimates are materials and
labor for installatIon of the collectors hoppers support steel
ducts nozzles dampers fans expansion joints ashhandling
equipment insulation and other miscellaneous items IndIrect
costs and ten percent contingency allowance are also included
in the cost estimation

Figure shows capital cost in 1980 dollars for
several different particulate control systems The costs were
escalated from 1978 to 1980 using 9.1 percent annual inflation
rate it Is demonstrated in the figure that the capital cost
for precipitators increases as the outlet emission is reduced
Since fabric filters operate at high particulate removal

efficiencies with relatively constant outlet loading the capital
cost Is essentially constant for the range of emission limits

Annualized Costs

The annualized costs combine capital Investment

operating and maintenance costs and power requiremet For

StearnsRoger analysis the follovng factors were used

Minimum acceptable return
11%

Fixed charge rate depreciation

Insurance etc
16%

Interest during construction 8.5%

Escalation fuel material and labor 7%

Plant capacity factor
70%

20
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Figure gives annualized costs in mills/kWh as the

function of particulate emission limits The costs were also

escalated
frFm 1978 to 1980 using 9.13 percent annual inflation

rate

Both capital cost and annualIzed cost are higher for

electrostatic precipitator than for fabric filter as dethonstrated

in Figures and 13 The differential cost is wider when lower

particulate emission limit is approaching The cost estimates

are somewhat lower than those presented by EPA because in the

EPA model more conservative method was used in its calculation

Nevertheless the trend for the costs of fabric filters and

precipitators are clearly demonstrated in both models

GCA Cost Estimates

GCA Corporation under contract with the Department

made their cost estimates based on three different sources

The first source was derived from theoretical and existing plant

data The second source was based on cost models developed by

the Department of Energy DOE and ResearchCottrell Inc CRC
The last one was cost information obtained by GCA from ten

equipment manufacturers

Both DOE and RC cost models were used to calculate

capital costs and annualized costs for fabric filter and

precipitator control systems for The costs from these two

models can be used for comparison purposes but not for the

representation of the actual equipment and operating costs

.By comparing the results of the two models with vendor estimates

GCA suggested that baghouse appeared to be the economical

21
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choice when the precjpjtators specific collection area exceeds
600 This comparison was based on fabric filter A/C ratio of
two

GCA suggested that vendors cost information Should
be viewed as the most reliable arid accurate since the various
vendors responded directly to fuel and System specifications
Among the response received from the vendors four quoted prices
for cold precipjtato only two quoted prices for baghou3e
only and four quoted prices for both control systems Al
equipment were designed to achieve an outlet loading of
0.03 lb/b6 Btu Summaries of all cost estimates are presented
in Table with the ten vendors identified by letter eeoc
through

Capital Costs

As presented in Table the capita coats vary
over wIde range Installed costs for fabric filter ranged
from $12.5 millions to $18.14 millions those for precipitators
are from $13.5 millions to $214 mIllions Based on the capital
cost it appears that the fabric filter would be the economical
choice Compared to the electrostatic precipitator

The costs suggested by vendors are much lower
than those estimated by EPA or S..R The major reason for the
differences is that the instafled costs did not include indirect
0ots and contingency allowances

Annualized Costs

GCA calculated annualized Costs based on data
Provided by Vendor for the following reasons

22
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Vendor Hs information is the mO3t detailed

They appear to be unbiased becauze they have

proposed both baghouse and precipitator

The vendor is leader iflthCfjCld of control

equipment design and manufacture

The specific collection area is in the middle of

the range quoted for all ESP equipme
The baghouse quoted is conservative in design with

respect to A/C ratio and cleaning method
The annualized costs are given in Tables and for

the electrostatic precipitator and fabric filter respectively
Both costs are little over one mill/kWJ The cost can be

shifted in favcr of fabric filter it bag life of more than two

years is achieved

23
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IV Comparisons between Electrostatic Precipitator and Fabric

Filter

In ordr to have any meaningful comparison between

electrostatic precipitatop and fabric filter two importa
factors must be Considered

1i

The extremely stringent New Source Performance
Standards for particulate emissions of 0.03 lb/106 Btu was

promulgated by EPA on June 11 1979 To make things worse IPP
has been committed to even less particulate emissions of
0.02 lb/iC6 Etu as indicated in the Conditional

Permit to Commence Construction and Operation of IPP Generating
Staticn

Only lowsulfur western coal will be burned in
the IP boilers and sources of coal supply have not been

confirmed coal validation study is now in progress to

identify coal sources for IPP Prior to the completion of this

report the results of this study were not available

In comparing these two particulate collection

devices considerations are given to coal properties Performance

efficiencies opacity actual field experience reliability
costs and others Based on results of the comparisons

recomendatjon for the selection of equipment was made

Coal Prooertjes

In order to properly evaluate particulate collection

devices one must know the coal properties for properly sizing

equipment Of the coal analysis parameters sulfur content
ash content and heating value are of greatest signifiae
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Recently it has been foUnd that sodju content is also animportant factor to affect the
collectjbjljty of

particulate3for
lOw3u1ur Coal

application3

Currentiy pp has not obtained donfirmed Sources ofcoal Supply The best available data was range of values forcoal properties as presented in Table
range of values doesnot Provide an accurate assessment of the fuel

characteristicUnder today3 high efficiency requjre5 theelectrostatic
precipitator

manufacturers need more and moreaccurate informatj0 of coal properties for proper precipitatorSizing To Some precjpj0
manufacturers

SPecification ofaverage or broad range coal and ash properties is becoj1an
unsatisfactory situation Instead full

presentation ofafl drilling core analyses or statistical distrjbutj0 analysj3or the range is preferred Without an adequa
representationof coal samples the design of an electrostatic precipjt0to assure an extremely high removal efficiency is almostimPOssible

Fabric filters have the advantage of
insens1t1vjtto coal and fly ash chemical

characteristics
Electricalreaistivt is not

consideration in fabric filter designIt is
generally agreed that coal properties have only limitedeffect on fabric filter operatj05

Since only broad range of coal and ash propertiescan be provided and future coal sources are uncertain duringthe life of the plant fabric filter is the preferred choiceof the two

25.
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Particulate5 Collection Efficiency

Particulate CO1lCtj efficiency of 99.5 percent and
over is reqired underthe very stringent emission limitation
of 0.02 lb/106 Btu Preliminary calculation based on highest
ash Content in coals shows that efficiency of at least 99.71
percent is required for the units

Although electrostatic precipitators are designed as
constant efficIency devices the efficiency usually varies with
coal and ash properties flue gas distribution and temprature
fluctuations it has been experienced by the Utilities that
precipjtators gradually deteriorated after few weeks of

operation and the units have to be shut down for washing and
other maintenance to maintain high efficiencies

Of all the factors affecting the precipitator

performance fly ash resistivity is the most serious one As

shown in Figure lowsulfur coals have much higher fly ash

resistivity than highsulfur coals The high resistivity fly
ash can lead to back corona and spark erosion withIn the

precipitator which may shorten component life and reduce

collecting efficiency Since fly ash resistivity is likely to

change during the plant lifetime which is expected from new
coal source precipitator performance becomes uncertain Under
the strict particulate emission regulations small drop in

efficiency would cause violation of the law which could cause
the .plant to be shut down

survey was conducted by GCA8 and also by the

Departme to investigate the performance of electrostatic
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precipitators The results are presented in Table With only
few exceptions the survey shows that the performance test

efficienoiesgeneray do not meet the design etffjojencjes
These are only small samples so it does not suggest any
significant trend for precipitator failures But It does show
the difficulty for precipitators to achieve design efficiency
due to various problems

Contrarily properly designed fabric tiltp can meet
very strict emission requireme and its efficiency seldom
varies The ability to keep low emission rates is mainly due
to its independence of coal and ash characteristics fuel gas
distribution and temperature fluctuations

It can be generally concluded that fabric filters willbe able to consistey maintain compliance of very stringent
rule on any lowsulfur coal the plant can burn but electrostatic

precjpjtators may not be able to maintain continuously high

efficiencies because of the uncertainty of coal properties and

various operating Conditions Thus from the efficiency point
of view the fabric filter is better choice

Opacity and Fine Particles

Currently the standard for opacity is limited to 20

percent over six minutes average time This is standard that
is not difficult to comply with by fabric filters or well
designed precipitator Therefore clear stack should be

achieved as much as possible
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Fine particles in the range between 0.2 to 1.0 micron
are the major contributors for visible plume since fly ash of
this size

rnge is very efficient light scatterer Blue light
is in the range of 0.1$ to 0.5 micron wavelength More particles
of this size range will interfere with blue light producing
visible plume

Besides the vI2ibjljty problems fine particles may
also cause adverse health effects Increasing concern over these
potential health effects would Presumably force emission
limItation standards based on particulate size as well as total
mass For example the State of New Mexico has already
instituted standard which limits emissions from utility steam
generators to 0.05 lb per million Btu total particulate5 and
also more stringent 0.02 lb per million Btu for particulates
less than two micron diameter Similar fine particulate

standards are also under consideration by the Environmental
Protection Agency

Generally higher opacity can be expected from

precipitator emissions than from fabric rixters because fabric
fIlters are more effective In removing fine particulates in the
size range of 0.2 to 1.0 micron which are the material Primarily
responsible for opacity problems Available data shows that

collecting efficiency for an electrostatic precjpjtat is

approximately proportional to particle diameter over size range
of 0.2 to 20 micron recent study on electrostatic

precIpitator performance for large utility boiler burning
lousulfur coal found that collection etticiencjes of 99.6 98

28
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and 90 percent were observed for particles having diameters of

20 and 0.2 micron respectjvely.9 Similar findings were

also
reportd

elseuhere.10 Figure presents measured

tractional efficiencies versus particle diameter for Cold-.jde

precipitator burning lowsulfur coal It clearly demonstrates

the lower collection efficiency in the range of 0.2 to 1.0 micron

which is the major cause of visible plumes

To compare the collecting efficiencies for fine

particulates between fabric filters and electrostatic

precipltatorg Table gives as an example proposed

efficiency guarantee by vendor.1 The collection efficiency

for fabric filter is constant at 99.8 percent and independent

of particle sizes but precipitator efficiencies vary from 95.19

percent for 0.3 micron particles to 99.93 peräent for 10 micron

particles This difference of efficiencies can make large

difference in opacity from stack emissions

Costs

In Section III three sources of cost comparison have been

presented The comparisons covered those based on plant sizes

emission limitations and budgetary costs provided by

manufacturers Although those costs do not necessarily represent

actual capital and annualIzed costs because of different methods

of calculatIons they do give adequate comparisons between

electrostatic precipitators and fabric filters on the same basis

All three sources present the sme conclusions The fabric

filter is more economic choice than the precipitator under

the current strict emissions limitation In its background
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information EPA has stated that fabric filters are the more

economic choice for lowsulfur coals and electrostatic

precipitators for highsulfur coals

Field Experiences

telephone survey was taken to Investigate the

utilities field experience on the performance of electrostatic

precipitators and/or fabric filters With few exceptions only

those utilities which are located in the western region of the

United States and burn lowsulfur coals are included in the

survey list of utilities that have been Contacted are given

as follows

Arizona Public Service

Colorado Ute Electric Association Inc

Commonwealth Edison Co

Department of Public Utilities City of Colorado Springs

Houston Power and Light

Nebraska Public Power District

Nevada Power Co

Otter Tail Power Co

Public Service of Colorado

Public Service of New Mexico

Salt River Project

San Antonio Public Service Board

Sierra Pacific Power Co

Southern California Edison Co

Southwestern Public Servie Co

Texas Utilities Services Inc

Utah Power and tight
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Also Contacts were made to several architecture and
engineering firms and research institute for design
informatjont They are

Bechtel Power Co

Black and Veatch

Brown and Root

IndustrjalClean Air Inc

Stearns...Roger Inc

Stone and Webster

Electric Power Research Institute

Kany utilities have field experiences with both
electrostatic precipjta and fabric filters and their general
opinions can be summarized by the fOllowing

AU of the Utilities surveyed had visible plume
problem with electrostatic precipitator3 even though some of
them could marginally comply with particulate emission

regulations those with fabric filters claimed clear stacks
almost all the time

Hardly any electrostatic precipitators surveyed
met the particulate emissions regulatio5 all the time They
might comply right after being washed and tuned up but
gradually deteriorated to violate the regulations

The reason given by those who selected fabric
filter was always that they had unsatisfactory experiences
with Precipitators those who operated fabric filters never
expressed their dissatisfaction with them As matter of tact
all Utilities which had installed fabric filters selected the
same equipme for their future plants
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The Only Problem with fabric filters is the bigh
pressure drop as experienced with Southwesterns Harrington
Unit Bus the problem is solvable with the use of proper
cleaning methods and he specification of alower airto_cloth
ratio

All people contacted favored fabric filters over
precpjtato3 especially when firing Western coals and under
todays strict regulatjon

The survey clearly shows two things first t1e
utilities have already established confidence on fabric filters
performance second with regard to opacity and high collection
efficiency fabric filters are definitely better than

electrostatic precipitators

Future Trend for Western Coal Applications

Electrostatic precipitator have been used by electrical
utilities as the particulates control equipment for many years
but recently fabric filters are rapidly catching up especially
in the western states where lowsulfur coals are the primary
source of fuel In fact Utilities in the western states have
committed more fabric filters than electrostatic precjpjtators
for their future generating units

An investigation of western utilities future

installation of particulate collection devices shows that unjt
with total of 7250 MW capacity have already selected fabric

filters with 24C0 MW leaning in this directIon Table gives
list of units committed to fabric filters In the future Table
presents list of western utilitj which selected

32
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precipitators for their fUture Plants totalling 38ocapacity

comParing data from Table and Table
severalinteresting facts are revealed

The
eneratjg capacity Comjtted to fabricmo than double those

committed to
Precipitator3

No
precipitator was purchased for

installationbeyond year 1981

Host stations which
Previously selectedhave Switched to fabric filters for their newerunits For

example Craig Non and were installed withprecipitator3 but Craig No will save fabric filters Parish
No has

Precipitator but Parish No viii have fabricfilter Gentleman Nos and have
Precipitator3 but Gentlemen

Nc wi have fabrj2 filter Hunter Non and havePrecipitator8 but Hunter Nos and 14 will have fabric filterCoronado Non and which the Department is partial Owner
have

precipitators but Coronado No
havea fabricfilter12

The future trend for western Utilities
clearlythat the fabric filter is more favorable choice thanthe precipjt0

Other
Considerations

Combined with so2 Dry Scrubbers
ZPP flow is

considering the use of dry scrubberfor SO2 removal If the dry scrubber is selected the fabricfilter is natural choice for the
Particulate removal device
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since most manufacturers use the dry scrubber and the fabric
filter as Package Some manufacturers have sugges the
combinatjonot dry scrubber with precjpjta0 The
of this combination 13 uncertain because tie dry Scrubber makesthe coal ash properties even more complicated before enteringthe precipitator

AvaIlability and Reliability

No Utility keeps complete availability data for
precipitator3 or fabric filters because it is so djffjlt to
estimate availability of one single piece of equjpme when so
many others are involved in the Power plant operation But it
can generally be expected that the availability of fabric
filter is better than

precipitator because online
maintenance is Possible for fabric filter operation but is not
practical for precipjtat

Simplicity

Fabric filters are based on very simple method ofrutering without complIcat control equ1pme simple
equ1pmen is less problem prone and easy to operate
Comparatively the precipitator is more complicated piece of
equipmen

i4 Regulatory Agencj3 Opinion

Based on conversations with Utah state agencje
and Utah Power and Light it appears that the State Regulatory
Agenoje3 are in favor of fabric filters.13

Base load Unit or Cycling Ujt
The fabric filter is best applied to base load

_11_
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unit For cycling unit the fabric filter i3 not good

choice The cycling unit usually goes through the acid dewpoint

many times
because of the variation of loads This will damage

filter bags and shorten bag life
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Conclusion and Recoendatjon

After dominating the electric utility industry as the
particulate contro1 for many years the electrostatic

precipitator has been giving ground to the rabric filter
especially in the western states As discussed in the previous
section more and more western utilities have Switched from
electrostatic precipitators to fabric filters For the generally
conservative Utility industry this signifjoa shift means that
the performance of fabric filters are superior to the

precipitators for future app1ioatjo3

One major weakness of the fabric filter as commonly
recognized its lack of extensive experience on utility
boilers However the existing fabric filters which have
accumulated installed capacity of more than 1000 MW have
very satisfactory operating record As more and more fabric
filters are put online their performance has shown encouraging
results.l415 It appears that the fabric filter has already
built its own case so that the lack of extensive utility
experience should not be considered as an important factor
an ymor

This report compares electrostatic precipitators and
fabric filters covering such factors as coal properties
particulate collection efficiency opacity Utilities field

experiences costs trend for future applications and many
others The results shown are overuhelmingjy in favor of fabric
filters Thus this study concludes that the fabric filter is

recoended for IP as the particulate collection device
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200

500
1000

Electrostatic PrecjDjtator

$/kw

69.17
58.15
53.56

mills/kWh

2.30
.96

1.81

Boiler Size

MW
100

500
1000

100

500

1000
100

500
000

Specific
COl1etj Area

aofm/ft2

1400

1100

L00
550
550
550
650
650
650

Investment

$/kW

76.06

52.53
50.15
90.67
68.1s5

65.13
98.22
80.71
73.37

Annualized Cost

mills/kWh

3.59
2.z6
2.3Z

3.21

3.QL

3.77
23

TABLE INVESTMENT1 ANNUALIZED COSTS FOR FABRIC FILTERSAND ELECTROSTATIC PRECIPITATQRS EPA ESTIMATES

Fabric Filter

Boiler Size

MW
Air-toCloth Ratio Investment Annualized Cost

actm/ft2
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tABLE ANUALIZ ST Ern4TE FOR AN a.EcTaostTIc PRECIPItATORrAu ON ONE IPP 3ofl GCA D41
Direct st

Direct operating .abor
161400peVision labor
31416intance labor

41 000

.tntenance aterials
and replacent rts 51660

ectricity
1436303

Waste dispca1
1135525

TOTAL DEC COSTS $16843014

Overhead

Payroll
14920

Plant
2921414

TOTAL OVAD
3141614

Caoitai Qarges

taxes and inst.uance 959500
Capital recovery factor 21787146
Interest on rking capital 27370

TOTAL CAPITAL CHARGE $31659i6

TOTAL ANNtJAL COST
$1488143814

miUz/ktii
1.05
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1ABLE 14 ANNUALIZ cosr TIM FOR FABRIC FflT nsrftTtF
ONE BOfl GC ESTIMAT

Direct copts

Direct opatjzg labor
307148Siervjsj labor
6833intenance labor

14141413

kintenanoe terjals
and replac carts

1432O
Electricity

5359148

Waste disposal

135
IDT.AL DThECr COS

$2185717
Overhead

Payroll
92214

Plant

133703

1DTAL OVAD
1142927

Capital Qiarges

taxes and insurance
7371400Capital recovery factor

1673898Interest on rkthg capital
35518

1OTAL CAPITAL CHARGES
4i46 8i5

TOTAL ALIZ COST
$775146O

1.02

.1l1_
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TABLE ftAJJG OF QAL SML.E DATA
Interoi.tath Power Project

Cca Properties Proxjt Analysis Weight as Fired

Total
4.5 11.0Vo1atjp

36.11 112.34Fixed Carb
39.50 49.iiAsh

4.29_ 9.48

Ultimate Analysis Weight as Fired

Carba
62.35 .75.142-Hydrogen

14.32 5.30Oxygen
9.26 114.93Nitrogen
1.02 1.46Su..Lfw
0.411 0.78tbjstup
1L50 10.46Ash
14.29 9.77Qilorine
0.0 0.02

Ash Analysis Weight
Fe..O

3.53 10.75Cab
14.82 20.65MgO
0.96 4.68

0.22 1.212O
0.07 3.88SO
3.38 14.63
0.014 0.51

35.88 65.13
Aib3

8.314 18.21
Ti02

0.26 1.014

Fusi Tenp educiy
InitIal Defortj

2085 2380Softening HW
2100 2410

Softening H1/2W
2120 275Fluid
2135 2590

Fusii TeEp Oxidizing 0F

InitIal Detortj
2130 2425

Softening HW
21110 21135Softening E1/2W
2160 24115Fluid
2170 2455
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TABLE 33R VET OF PBECITATOR P01ANCE Ct U.S WETN TJALS

Utility
Capacity Desi Test

Etticicy EftioicyStation Unit Ntber 4J

Public Service Co of
Colorado

Ccriche No 350 99.6 99.18

Cnche No 350 99.6 99.18

Wisconsin Power Light Co

Co1tbia No 520 99.5 91

Iowa Public Service Co

George Neal No 138 99.0 91

Conwea1th Edison

Will County Mo 299 98.5 99

Wauketan No 360 99.1 98.7 99.7

Salt RIver Project

Navajo No 750 99.5 98.8 99.1

Navajo No 750 99.5 98.8 99.1

Navajo Mo 70 99.5 98.8 99.1

Public Service of Mew Mexico

San Juan No 330 99.5 99.8

San Juan No 330 99.5 99.8

Iowa Power Light Co

Des bines Mo 10 71 99.3 99.3

Des 4ines Mo 11 116 99.3 99.5

Cctc ii Bluffs No 99.3 98.0

Cctcj1 Bluffs No 90 993 983
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rABL RV CITAT0R Pcjj U.S WETJ C.AL ctd

Utatp
Capacity Desi Test

____________________ Effioicy Efficiicy
Station Unit Ntmiber .M

.Colorado Ute Elec Inc

yden No
99.6 9919

Hayden No
250 99.6 97 or 98Sa Antonio Pb1j ServiceBoard

Deely No
430 99.4 86 91

Deely No
430 994 86 910xha Public Por Dist

Writ No
90 993 99

Nebraska Public Power Dist

Sheldon No
105

97.9 97.2 97.6
Sheldon No

120 979 97.2 97.6
Colorado Spring Depart
of Public Utilities

rtjn Drake No
137 99.35 99.2Arizc Public Service

Fcijr Cornera No
750 97

92 92Few Corners No
750 97 92 94

Southern CaflfcrnLa Edio

Shave No
790

97.9 97 98.6
Mohave No

790
97.9 97 98.6

___-
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TABLE SIXGr YIcIc FABRIC Ffl.IIT AND
ELECrRQST.ATIC PRECflBASE ON PARTIQ2 SEDISRLJON

Fabric Filter .ectro3tatjc Precipitator
Efficiency EfficiencyParticle Size

0.3 99.8
95.19

0.5 99.8
95.1

1.0 99.8
96.32

99.8
99.26

99.8
99.37

99.8
99.59

99.8
99.79

10 99.8
99.93
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ThBLE FUTURE DiSrALUTION OF FABRIC Ffl2S fl THEWERN UNITE SThT

Utility Size tnufactwer OnLine Date

Units

Arizona Public Service

Four Corners No 750 BueLl 1981

Four Corners No 750 Buefl 1981

Basin .eotric Pr
Corporation

Antelope Valley No 4110 Western Precipitation 1982

Antelope Valley No 4140
1983

City of Colorado Springs

Nixon No Western Precipitation 1980

Coloradotite Elec Assoc

Craig No 400

Houst Power and Liit

Parish No 550 Research Cottrel 1983

Nebraska Public Power Dist

Gaitln No 650

Nevada Power Co

Reid Gardner No 250 Carborith 1983

Otter Tail Power Co

Coyote No 4140 Western Precipitation 198i

Public Service of Colorado

therokee No 100 Buell 1980

therokee No 150 Bud
1980

Southeast No 500

Southeast No 500
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tABL.E FUTURE XTALLATI0N OF FABRIC FILTS
WESN UNIT STAT Ctd

Utility Size nufacturer iLine Date

Units MW

Salt River Project

Coronado No 350

Sierra Pacific Power

North Valy No 250 Carbortid 1980

North Valmy No 250

Southwestern Public Service

Tolk No 550 Industrial Clean Air 1982

TolkNo.2 550
19814

Tucson .ectric Power

Springville No 350 Western Precipitation 1985

Springville No 350 Western Precipitation 1986

Utah Power and Liit

iter No 1440 Carbortuidt 1983

Hter No 14 440
1985

No contract awarded yet it leaning towed fabric filter

IPI 1_001466



TABLE FUTURE DJSTALLATION OF ECTROSITIC PBECIPITA1RS
nJ ThE wFzrN UNITED STATES

Utility Size
1flufaçturer -Line te

Units MW

Arizona Public Service

tholla No 14 350 Universal 01 Prod 1981

Colorado-Ute Elec Assoc

Craig No NA 1981

Hston Liting and Power

Parish No 550 Western Precipitation 1980

Nebraska Public Power Dist

Gitlan No 680 ivironenta Elents 1981

Salt River Project

Coronado No 350 Western Precipitation 1980

Southwestern Elec Power

Welsh No 550 Reearci Cottrefl 1980

Texas Power and Liit

Sandow No 14 550 C-E We.lther 1980

Utah Power and Lit

Thzter No 1400 Buel 1980
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PARTICULATE EMISSION LIMIT 1b110 Stu

CAPITAL COSTS FOR 500 MW PARTCULATES COLLECTORS
IN 1980 DOLLARS
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PARTIcULArE EMISSION LIMIT Ib/i Btu

ANNUALIZED COSTS FOR 500 MW PARTICULATES COLLECTORS
IN 1980 DOLLARS

FIGURE
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Seizier DJR and Watson Jr Hot versus larged
Electrostatic Precipitation of Fly Ash Cost-Effectiveness

Study Journal of the Air Pollution Control Association Volie
214 No February 1974

Clean Air Act Requirements for Electric Utility Steam Generators

and Other Sources Impact on Fabric Filter Control Tednolor
Use vironmental Research and Technology Inc October
1978

Backgrotd Inforatioc for Proposed Particulate tter issicxi
Standards A-145O/2-78-.O06a July 1978

ii Jensen Baghouse Bid Evaluation presented to the Second

International Fabric Alternatives Fortmi Denver Colorado July
1977

Stenby Bag Systen Technology Applied to Flue Gas

Treathent presented to the Rocky bttain Electric League

Sprr.g Conference Greeley Colorado ty 1976

Lipsconb Schliesser and Malani EPA Mobile

Fabric Filter Pilot Investigation of Harrington Station

Pressure Drop Difficulties Test Program by Acurex Corporation

Stenby Scheck Severson Homey and

Teixeira Fabric Filters versus Electrostatic

Precipitators presented at the Second Symposit.t ai the Transfer

and Utilization of Particulate Control Technology July 1979
Denver Colorado

Roeck ibenick and Dennis rechnical Evaluation

of Particulate Control Alternatives for Interwtain Pier
Project Draft Firmi Report OCA Corporation November 1979

Evaluation of the George Neal No Electrostatic

Precipitator prepared by Meteorology Research Inc and

Stearns Roger Inc EPRI Report FP11145 August 1979

10 Carr Piulle and Gooch Fabric Filter and

Electrostatic Precipitator Fine Particle ission Ccinparison

presented to American Power Conference Coicago Illinois April
1977

11 Teleone correspondence between Robert Moser Brm and

Root Inc and Dr Qiu of the Departhent of Water and

Power February 1980
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12 Coronado Generating Sation Unit Flue Gas Cleening Stx1y
Particulate Reoval Equipneit report by Bechtel Power

Corporation to Salt River Project Septbw 1979

13 Telephone cz1Versaticri between Mr Fred Wepzel Utah Power andLit and Dr Qiu February 1980

1U Telephone conversation between Mr Mike Quiring Department of
Public Utilities City of Colorado Springs and Dr thu
March21 1980

15 Neletter Fabric Filter the Ilvaine Ccznpany No 52
February 10 1980
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The specification and design of high availability boilersfor the IntermountainelsosjstantPritT
Intermount Power Project
Los Angeles Department of Water and PowerLos Angeles Califorrua.%

Smith Marketing Manager
Fossil Power Generation Division
The Babcock Wilcox Company
Barberton Ohio

Siegfried Project Manager
Fossil Power Generation Djvjs0
The Babcock Wilcox Company
Barberton

Pacific Coast Electrical Association Jnc
Engineerrng Operating Conference
San Francisco CA
March 18 1982

Background

The Intermountaj Consumer Power
AssociationICPA located in Sandy Utah was the SpearheadorganJzatjo behind the Intermountajn Power

Project IPP ICPA has members in UtahNevada Wyoming and Arizona ICPA wasgranted Single Purchasing Agency status by the
Secretary of the Interior in 1964 to purchaseColorado River Storage Power CRsp at the
major federal

points in Utah for
delivery to itsmembers

When informed that additional CRSP powerwould not be available to meet their anticipatJload growth the ICPA began
investigatingalternative

sources of power including the
possibility of developing its own generation
utilizing the abundant Utah coal

suppliesOther utilities within and outside of Utah
including several California utilities werecon tacted Concerning their interest and
participation in the development of large coalfired

project in Utah
In early 1974

feasibility study for the 1PPwas initiated and following the completion of thisstudy the Intermountaju Power Agency JPAwas formed as means of
financing ip Aspolitical

subdivision of the state of Utah IPA wasenabled to sell bonds for the
construction of IPP

and in turn sell the power to the project
participts The

participants include
combination of 36 municipal and investor.owned
utilities within the states of Utah and California

Project history

When the initial primary site near
CainsvilieUtah at Salt Wash Utah was found to have

required an air
quality variance an InteragencyTask Force on Power Plant Siting was created bythe governor of the state of Utah

Participantsincluded
representatives of the federal

governme the state of Utah industrial andenvfronmen interest
groups This task force

ultimately proposej two alternative sites thatwould not require an air
quality variance InMarch 1978 the alternative site in the

vicinity ofLynndyl in Millard County Utah was selectedand envfronrnentaJ studies were authorized inorder toincorate the Lynndyl site as analternative in the Envfronmen St.atemantThe final Envfroentaj Statement was filedwith the
Envfrozijnentai

Protection Agency EPAand on December 19 1979 federal approval of theLynndy site was given
including the issuance ofthe

necessary
right.of.way grants for projectfacilities on lands under the

authority of theBureau of Land Manageme The project site
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location is shown in Figure SpecificatiOns
for

the steam generators were issued in October 1980

with bids received in January 1981 The contract

for the boilers was awarded May 1982

The first unit of 11P is scheduled to be placed

into commercial operation in July 1986 with the

three additional units scheduled at 12-month

intervals thereafter photo of priuit model is

shown in Figure

Boiler specifications
and evaluation factors

In the process of preparing the specifications
the

1PP project
team made concentrated effort to

incorporate specific design features and/or design

criteria that would improve boiler maint.ainabilitY

and availability so as to minimize the frequency

and duration of forced outages

An investigation
of boiler component availabilitY

was made and Table is representative
of high

level component analysis It ranks in order boiler

components and their associated industry failure

rates

In order to address these areas of boiler forced

outages and load reductions the project adopted

very conservative design approach For numerous

components conservative design parameters
and

material selections were specified Also features

for improved access and maintainability were

incorporated The following discussion highlights

some of these features

Constant and variable pressure operation Many

utilities are now requiring that new boilers be

designed for variable pressure
operation Variable

pressure operation permits faster start-up and

better matching of turbine metaistealTl

temperatures than constant pressure
boilers

Variable pressure
boilers are also designed to

accept more thermal cycles because of the

anticipated
increased number of start-ups

shutdowns or load ramping

Furnace plan heat release rate An investigation

was conducted of the furnace plan heat release

FPHR rate as function of boiler availability

and coal characteristics It was determined that

the maximum FPHH rate for optimum availabilitY

at reasonable cost and operating flexibility was

Table Major causes of boiler outages

AU fossil units-

lull outage losses

and estimated

partial outage

Boiler tubeS
5.8

Fuel handling equipment
1.9

Continuous deratlflgs
1.5

Fans
1.1

Slag ash fouling
1.1

Air preheaterS

0.7

Emission controls
0.7

Burners
0.2

Other
2.3

EPRI NP1i9 Sept 1979

Fure IPP sir location

Tgure PLant model
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FPHR

Furnace Plan Area
Top burners to furnace plate5 As

part of thestudies into furnace design
considerable thoughtwas given to the distance between the

top row ofburners and the bottom of the furnace platensAlthough this is somewhat dependent on steaxntemperaturofltrol method and
firing systememployJ conservative

design dictates theavoidance of high platen inlet gas temperaturesand raises the platens yet first cost andOperating characteristics bring the platens downWith due
consideration of fuel

characteristics 80feet was selected as the minimum for this projectConvethon tube
spacing Side.to.side clear tubespacing of inches Was specified to minimizebackend pluggage Tube banks were also arrangedin-line rather than

staggered to assure thatdeposits removed by Sootblowers would fail to theeconomizer hoppers

Gas
velocity Surveys indicated that many coal-fired units suffered from gas side erosion Thepotential effects of erosion were minimized byspecifying maximum gas velocity of 55 feet persecond

Gas temperature The gas temperature
entering

the
close-spaced

platen or pendant
surfaces shallnot be greater than 1900 HVT at maximumCOfltiUOUS

rating MCR
Metal

selection Metal selection criteria forpressure and non-pressure parts was reviewed foroptimum
avaiiability

The
following major tube metal selection criteriawere specified

ASME Specifjcj

SA.213 Grade T2
SA-213 Grade T11
SA-213 Grade T2
SA-213 Grade T22
SA-213 Grade T9
SA-23 Grade T321H
SA.213 Grade T3471-i

The use of carbon steel was limited to 775F atpressures
greater than 50 psig and maximum of825F at pressures below 50 psigThe use of SA2Q9 Grade Tia material wasprohibiJ
altogether

Bare ecooomze tubes Finned
economizers havebeen

source of ash
pluggage and resulted in

difficult
maintenance for many utilities

Thereforethe economizer design was specified as bare tubes
As with other convection surfaces the
specifications also requirecj that the econoertubes be in line to minimize

plugging and erosionDuct gas velocitjes To avoid
excessive pressuredrop and duct vibrations duct gas velocities wererestricted to 50 feet per second

Spare pulverizer
capacfty Poor coal

quality andpulverizer
performance are major

Contributors tounft deratings To
compensate for these facts thespecifications requfr that the boiler be

furnished
with adequate

pulverizers to attain full loadhaving one spare pulverizer and all others inworn condition based on specified coal withpoorer overall quality than the
design coal This isvery signific

design criteria which Shouldresult in greater boiler
availability and fuelflexibility

Coal-air
velocity To reduce the

maintenance ofcoal-air Piping due to erosion the coal-au
velocitywas restricJ to maximum of 85 feet perSecond

Ceramic coal pipe lining The
primary point oferosion wear in coal-air

piping is at any elbow andimmediately above the pulverizers To minimizethe wear in these areas ceramic
lining wasspecified

Stainless steel
downspo..s To prevent coal hangUps between the feeders and the

pulverizers 304stainjess steel downspouts were specified
P.A fan

capacity In order to compensate forPossible poor fuel
quality in the future andadditional

possible air prehea
pressure droptest block

margins of 25 percent on flow and 50percent on pressure were specifi Each fan wasalso
specified to be capable of

providing sufficientprimary air to permit boiler
operation at 60% ofmaximum

capacity with each of the specifiedcoals

Access doors and view ports Once tube failureoccurs quick access and
repair is

essential tominimize the forced
outage Therefore numerousaccess doors were added in the boiler furnacepenthouse and backpass Access doors largeenough to

accornnodate
scaffolding will beinstalled near the top of the furnace in thebackpass and in the penthouse Smaller accessdoors were also added in the hopper throat andbackpass Walls Numerous view

ports are
required

for
monitoring burners and platens

Maintenae space To facilitate quick repair andaccess for
maintenance the

Specificatj05
requiredsufficient cavities between

horizontai banks oftubes for welder to gain access and work underreasonable Conditions

value of 1.6 million BTU/ft hr measured on fuelinput basis as defined by

Maximum
external

metal temperature

950

1000

1075
1075

1150
1400

1400
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Table Features for improved avadabihty

rdeSp3ramete
aiptov5b0rmY

Plan area heat release ol 1.6 10 BtulVIht
Cera.VAM ceramic coal pipe lining

Maximum gas
vetoCitY 55 Ips

Access doors and view ports

Furnace exit gas
temperature

2115F HVT Large access space between tube banks

Burner zone heat release rate
Shutoff

valves at coal burners

Volume liberation

ProviSiOfl tot RH surface ad1ustmerlt

80 ft minimum distance top burner to platen

Maximum coal air velOcitY 85 Ips

stominim0rL
Boiler designed for last startUP variable

pressure
operation

Lower tube metal temperature limits

Bare tube economizer

Two spare pulverizers

stainless steel coal downsPouts

Extra primary
air fan capacity

Minimum RH tube thickness .180

All seamless boiler tubing

High
waterwall tube mass velocitY

Minimum convection tube clear side

spacing

Air heaters designed br luture surlace

additiOflS

Ribbed tubes in lurnaCe area

Burner shutOff
valves To facilitate

coal-air piping

or burner maintena1 while the boiler is on the

line shutoff
valves at each burner were specified

Additional
air heater capacitY

In addition to the

specification
of reduidant gas/air

streams for air

heating to allow for air heater degradati0I
and

fuel flexibilitY
the regefleratie

air heaters were

required
to be designed for the future addition of

inches of heat transfer
elements

Reheat surfaCe adjustment
Since the reheater may

occasionallY prove to be undersUTf aced due to

design uncertainties
or coal deviation space was

provided
to add reheater

surface should this

prove
neceSSWY after initial unit operation or in

the future

Table ategOriZe5 those features specified
for

improved
availabilitY

The features
listed are

major design perameter5
special provisions

for

maifltai1a1ty
arid proviSIOflS

to minimize forced

outages

During the proposal
review period rigorous

economic and comprehensie
technical evaluation

was made

The technical evaluation
centered around

scertaifliflg
each bidders potential

for high

availability as related to his design features

design conservatism and in relationshiP to

numerous reference units which are in operation

technical decision matrix was generated
which

listed key technical considerations
and their

relative weighting Isee Table Each proposal

was then given
relative score for each category

with the best proposal in each categorY
receiving

score of ten This matrix proved very
beneficial

in summariZi1 each proposals design features

and presenting
such information to agemeflt

The final phase of the evaluation
consisted of an

availabilitY
evaluation consultant with

expertise
in statistical analyses

and familial with

the utility industry was retained for this purpose

Using North American Electric ReliabilitY
Council
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Table Technical decision matrix

Intermountain Power project boilers

Weighting

factor

Western coal experience

2400 psi- 750 MW experience

Tube design conservatism

Low NO potential

No radiant reheater

Low slagging potential

Low fouling potential

Furnace access

Backpass access

Pulverizer capacity

Sootblower maintenance

Boiler response rate

Same burner experience

Burner zone heat input

Same pulverizer experience

Ribbed tube experience

Weighted total

Simple total

NERC data and also information furnished by
each bidder in their proposals probabilistic
analysis of availability was made These results
were combined with value for replacement
energy to ascertain Value for any projected
differences in

availability
The final selection of the successful bidder was

based upon consideration of all three evaluations
economic technical and availability In

recognjtion of each of the bidders each proposal
was very well thought out and represented very
good design The proposal selected as the best
offering for JPP was that made by the Babcock
and Wilcox Company

Boiler description

Each of the four natural circulation balanced
draft single reheatboilers Figure are designed
for nominal rating of 6100000 lbs/hr of steam
at superheater outlet pressure of 2515 psig and
superheater and rebeater outlet temperatures of
1005 The maximum Continuous design steam
flow MCF is 6600000 lbs/hr at

superheater
outlet

pressure of 2640 psi with superheat and
reheat outlet temperatures of 1005 Additional
boiler performance data is shown in Table The
radiant boilers are of the Carolina design RBC
with steam temperature control by gas biasing
and spray attemperation Each steam generator
supplies General Electric turbine generator
having nominal rating of 820 MW The net unit
output is 750 MW Each unit will be totally
enclosed

The furnace is of the dry bottom type and is
85 wide 60 deep The top of the top support
steel is 288 above grade

The design pressures for the furnace and
superheater reheater and economizer axe 2975
psi 750 psi and 3050 psi respectivelyEach uxut is equipped with eight MPS-89
pulverizers Figure arranged with four mills
along each side Each pulverizer supplies single
horizontal row of dual register burners There are
four burner rows in each of the front and rear
walls The unit is capable of

operating at MCR on
performance coal with two mills out of service

Additional equipment to be supplied by The
Babcock Wilcox Company BW includes coal
feeders with nuclear flow detectors two primaryand two secondary regenerative air heaters two
centrifugal primary air fans and motors steam
sootbiowers and the burner management system

wet gas scrubber for SO removal and
baghouse for particulate removal furnished by
others will be located downstream of the air
heaters

The steam drum is 72 LD and equipped with
cyclone steam separators arranged in four rows
Figure Water from the drum is conveyed to
the bottom of the unit via five downcomers from
which the flow is then distributed to the lower
furnace enclosure wall headers utilizing multiple
Connections

The furnace enclosure is made up of membraned
multi.lead ribbed tubes Figure The unit is
designed for minimum average tube mass
velocity of 800000 lb/ft2/hz which results in
circulation ratio of 3.2

Dry saturated steam from the drum passes in

parallel through the furnace roof pendant
convection pass and horizontal convection pass
sidewalls after which it is distributed to the
horizontal convection pass front and rear walls as
well as the baffle wall which

separates the two
downflow gas passes at the rear of the unit The
front gas pass contains horizontal reheat surface
and the rear gas pass contains the horizontal
primary superheater and economizer surface
schematic of these flow paths is shown on
Figure

From the horizontal enclosure wall steam is fed
to the primary superheater inlet bank then

successively to the pendant primary surface
located at the top of the furnace the platen
secondary superhear inlet surface and finally the
platen secondary superheater outlet surface The
secondary superheater outlet surface

discharges
alternately to two outlet headers with each header
having one outlet cormection Discharging
alternately to the two outlet headers minimizes
the potential for steam temperature unbalance in
the two outlet steam connections due to any side

11

10

10

160
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Table Boiler performance data

Steam leaving the superheater lb/hr

Steam leaving the reheater lb/hr

Excess air leaving the

economizer

Fuel input 10 Btulhr

Coal flow lbhr

Steam pressure at superheater

outlet psig

Steam pressure at reheater

outlet psig

Steam temperature leaving

superheater

Steam temperature leaving

reheater

Flue gas temperature leaving

air heater

Watertemperature entering

economizer

Boiler efficiency

100% load MCR

6.100.000

5.000.000

17

7932

720.400

2515 2640

511 562

1005

1005

280 280

Spray attemperators for final steam temperature
control are located in each of the two crossover

connections between the rear horizontal and

pendant primary surface Spray attemperators are

also located in each of two cross-over connections

between the pendant primary outlet surface and

secondary superheater inlet surface

All spray attemperat.ors are equipped with two

full-size attemperator stations in parallel Each

valve station consists of individual control and

block valves

Cold reheat steam enters the lower reheat inlet

header located at the bottom of the front gas

pass through both ends of the header Steam
then flows upward through the horizontal surface

to the pendant reheat surface which also

discharges to two reheat outlet headers each

having one outlet nozzle There are spray

Cyclone

Separators

Scrubber

Elements

6.600.000

5.500.000

17

8040

30.200

1005

1005

543

88.57

555

88.45 Figure 72nch ID drum

Figure MPS pulverizer

Figure Ribbed tubes
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Figure Schema tic of convection pass enclosure walls

attemperators located in the cold reheat inlet

piping for controlling reheat steam temperature

under upset conditions if required

Reheat steam temperature is controlled down to

65% load by use of biasing dampers located in

the bottom of the downpass to bias gas flow

across the reheater

The unit is equipped with compartmented

windbox Figure 10 with each compartment

supplying air for single
horizontal row of

burners Air is admitted from both ends As

result air can be controlled on per compartment
basis with all burners within compartment

receiving ºoal from single pulverizer

Coal piping from the pulverizers to the burners

are lined with wear resistant Cera.VAM ceramic

material at all elbows to minimize burner line

erosion The vertical discharge coal pipe

immediately above each pulverizer is also lined

with Cera-VAM
Each burner line is equipped with swing valve

at the pulverizer outlet and also at the burner

This will permit isolation of individual burner lines

for maintenance purposes if it should become

necessary
Each of the units is equipped with partial

superheater bypass system to enable better

matching of boiler and turbine temperature and to

provide means for positive control of steam

conditions during start-up and shutdown The

bypass system Figure 11 consists of reheat

outlet header attemperator utilizing high pressure

saturated steam as the attemperating medium and

high pressure bypass connection to the

condenser It offers faster cold or hot start-ups

Figure Split ring castings

Figure Schematic of convection surface arrangemenf and

tube spacing
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controlled shutdowns and minimization of thermal

stress on the turbine due to thermal unbalance

during start-up and over-the-load range

Specifically it performs two functions

Control of drum pressure by means of

superheater bypass to the condenser

Control of reheat outlet steam temperature by

means of an attemperator utilizing saturated

steam from the drum

The unit is also arranged for the possible future

installation of full bypass system Figure 12

which would include isolating valves between the

primary and secondary superheater and secondary

superheater outlet header attemperator

Application of the full bypass system would

provide the following additional functions

Superheater outlet pressure
control with

superheater stop valve and superheater stop

bypass valve The pressure
level at the inlet to

the turbine control valves is then independent

of the drum pressure over most of the load

range

Main steam temperature control during start

up and at low loads with superheater outlet

steam attemperator and superheater stop

valve and stop valve bypass between the

primary and secondary superheater

The units are designed to fire range of Utah

bituminous coals Analysis for the performance

coal is provided in Table The performance coal

is rated as high slagging and high fouling

However some of the alternate fuels are classified

as severe fouling and severe slagging and this has

been taken into consideration in the boiler design

Each of the dual register burners Figure 13 is

equipped with remote operated air-atomized

lighters using No oil In addition each lower

row of burners in both the front and rear wall is

being equipped with plasma torch direct coal-

ignition system as shown in Figure 14 The use of

the plasma torch as direct ignition source for

the coal will enable start-up and stabilization of

the fires with minimal use of No fuel oil

complete array of Diamond Power steam

sootbiowers is being furnished for ash removal

Figure 10 Compartmen fed windbox
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Figure 21 Partial bypass system

from both the furnace walls and convection

surfaces see Figure 15
The initial complement of blowers will include

54 walJ blowers 52 long retractable sootblowers

and 16 half-track sootbiowers Wall boxes will also

be installed initially for 75 future wall blowers 40

future long retractable sootbiowers and 12 future

half-track sootbiowers These wall boxes could be

used for either additional sootblowers or

rearrangement of the initial sootblowers

depending upon the exact fuel being burned and

its slagginglfouling characteristics

Sootbiowers are also being furnished for the

four air heaters

Steam source for furnace and convection pass
sootbiowers will be from an intermediate

superheater header The steam source for the air

heater soot.blowers will be from the secondary

superheater outlet header

Comparison to other large

coal-fired boilers

The industry accepts major gas side and

water/steam side design parameters as indication

of the conservatism of particular boiler design

10

Rte..aI OultI slum 0tmOr.lo 01014 .aIa
P.1w 0.144 bleSs 01101000SIO 1uOfl 0000no 1041 1100101 000511100000.010 C001101 05400OU1 bo41hOlIlt 010.14 1flInt 10.100 5110
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t..c Non Oil. Vi.

Uole 0it S11.IoO Vi00

Figure 12 Full bypass system

It is useful to review these parameters in

relationship to the manufacturers experience

Water side design in order to provide an adequate

margin of safety for cooling of the furnace wall

tubes the maintenance of conservatively high
minimum departure from nucleate boiling ratio

DNBR was set as primary design objective byBW DNB ratio is defined as follows

Minimum heat flux required for

DNBR DNB Btu/ft2/hr

Maximum upset heat flux

Btu/ft2Ihr

minimum DNBR of was established as the

design objective As comparison nuclear

reactor has DNBR of 1.2 The minimum DNBR
for BW furnace tubes occurs just above the top
row of burners at the point of maximum upset
heat flux Therefore at the steam qualities being
encountered along the length of the furnace tubes
the predicted maximum upset heat flux caused by

502
502

SI
SI SI
0C2 SI
Sm 502

512

000

NO 001.110.400 SI.

CoolS 00400
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Table Utah coal and ash analysis

Performance

coal Range

Proximate analysis

Moisture 8.3 7.4 9.4

Volatile matter 37.1 35.0- 40.0

Fixed carbon 40.6 38.0 44.0

Ash 14.0 8.0 16.0

Higher heating value Btu/lb 11010 10500 12100

Grindability 48 43 53

Ash analysis

SiO 58.8 49.3 61.0

Al0 13.5 10.7- 16.8

Fe301 5.9 3.9- 7.9

TiO 0.7 0.5 0.9

CaO 9.3 3.9- 14.6

MgO 2.0 0.8 3.0

Na10 1.6 0.6- 3.0

K0 0.9 0.6 1.3

SO1 5.9 2.9 8.9

P0 0.3 0.1- 1.0

Undetermined 1.1 0.3 0.3

Ash fusion temperatures

Reducing Initial deformation 2180 2075 2300

Softening 2215 2095 2340

Hemispherical 2245 2115- 2380

Fluid 2330 2190 2470

Oxidizing Initial deformation 2240 2130- 2355

Softening 2300 2135- 2455

Hemispherical 2325 2200 2450

Fluid 2410 2255- 2570

overfiring or other local conditions would not be

greater than the heat flux required to cause

DNB Atypical DNB curve is shown on Figure

16 As can be seen from the cure the minimum

DNBR for smooth tubes designed for mass flow

11

Fi.gur 14 Plasma torch ignitOr

Legend

I.R Sootbtowr

l.R Walibox

l.K Sootbiower

1K Wallbox

1K Half- Track

l.K Half Track

WalibOx

Figure 15 Scolblower ifl5talL3tlons

of 800000 Ibs/ft2fhr occurs just above the top

burner level at point where the DNBR
approaches By contrast the minimum DNBR
for the IPP design with ribbed tubes at this same
mass flow and same elevation in the furnace is

greater than This design philosophy used in

Tangential Air

_________ Inlet

DCPowev1 9acfm6Opsi
Supply

-4-1 100kW

00 Torch Housing

Watrr Jacket 15 gom

Rear Electrode Fronl Electrode

Figure 13 Dual register burner
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many units has resulted in reliable furnace

circuitry The average minimum mass velocity for

recent BW designs is between 800000 and

900000 lbs/ft/hr Açhough BW units have been

tested for minimum irculation mass flows below

600000 lbs/ft/hr and for circulation ratios below

2.5 for extended periods excellent historical

experience is available for circulation ratios of

and above with minimum average tube mass
velocities of approximately 800000 lbs/f ta/hr

Gas side design As mentioned previously the

major specified design parameters included are

Heat release per square foot of furnaceplan

area of 1.6 million Btu/1t/hr

Gas side design maximum velocity of 55 fps
Gas temperature entering closespaced pendant
surface must be less than 1900 HVT
Minimum distance from top burner to platen of

80 feet

Each of these criteria are conservative relative

to BWs experience listing of operating BW
units Table having large open furnace of the

size employed for this project includes sixteen

units with average plan area heat release rate of

1875000 Btu/ft2/hr gas side maximum gas

velocity of 65 fps and FEGT of 2195 HVT
Average unit size is 975 MW

These large boilers have performed very well

turning in cumulative boiler availability of over

90% for 97 unit years of operation This is weU in

excess of the industry average of 84.7% as

reported by the operating utilities to the North

American Electric Reliability Council NERC The
IPP boiler design represents more conservative

application of these design criteria than those

large boilers which were designed in the early 70s

Figures 17 through 20 show the relative

position of the IPP units compared to other recentBW contracts for these various gas side design

parameters of burner zone release rate heat input
to furnace plan gas velocity and gas temperature

entering the pendant superheater It can be seen

that the IPP units rank with the most
conservative BW units designed for bituminous

coals This conservative approach was decision

which the Intermountain Project expects will

provide benefits in improved equipment reliability

Availability improvement program
The customer his A/E Black Veatch and the

Babcock Wilcox Company have agreed to

mutually support and participate in an

Availability Improvement Program AlP in

DNB ratio

I-

Heat fIu Btu/hr1t7

Fur 26 DNS cuve

Table Operating large open-furnace boilers

Plan area

Plan area heat release FEGT
ft SW/tV-hr 1O spacing

Maximum

gas velocity

Ips

Detroit Edison Monroe 1-4 3645 1929 2250/18 71

Ohio Power Amos 5661 2108 2225/18 64.7

Duke Power Belews Creek 1-2 4590 2126 2180/18 75

AEP Gavins 1-2 5661 2108 2225118 64.7

Mountaineer 5661 2215 2220/18 68.6

Texas Utilities Monticello 5130 1538 2000/24 58.6

Kansas City PL La Cygne 4182 1554 2130/24 59

latan

Iowa PSI Council Bluffs 3927 1775 2190/18 57

Houston ISP Parish 56 4182 1554 2220/24- 59

12
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further efforts to achieve high
availabilityThe purpose of the AlP is to ensure that theIPP boilers and

interfacing plant equipment aredesignej manufactured erectej and operated toachieve maximum
operating availability Thispurpose will be achieved through formal

structured task force commjt0
Aside from

monitoring the
progress andperformc of the IPP units there are 17 preselected Babcock Wilcox Co units installed atten different

locations having certain similaritiesto the IPp units which will be monitored todetermine root causes of unit outages or reducedcapabwty determination would then be made

13

Masmum Gas

Velocity ft/sec

HVT Gas

Temperature
Entering

Order Year

as to whether or not the IPP units would be
subject to the same problems and if so what canbe done to prevent them on the IPp unitsThe reviews will go beyond the terminals of theboiler scope to include all

interfacing plantequipment such as feedwater systems fuel
preparation ash handling controls etc

The goals of the IPP will be implemented
through an availabWty task force The task forcewill meet

periodically to review the
operatinghistory of the reference plants review items thathave arisen on the IPP units and to make

recommendations for the improvement of
availability in the areas of design fabrication
construction and operation The composition ofthis organizatio arid its

membership is shown onFigure 21

Similar
programs are being established by IPPwith other major plant equipment suppliers

Pulverized coal fired boiler experjen
250Mw AND LARGER

biturninotig

Order Year

Pulverized coal fired boiler experience
250Mw AND LARGER

bituminous

Figure 18 Heat release per Square fe of furnace planarea experence

Figure 20 Gas temperature
leaving the furnace experience

IPI 1_001490



Conclusion

This paper has addressed major criteria that were

specified
for the steam generators

and an

evaluation
of design

conducted by the

Power Project and how these

factors were treated in the design of the boiler

14

Figure 21 AvailabilitY task force

units by the Babcock Wilcox Company We

have also reviewed the concept of an availability

improvement program geared to further improve

the design anufacturiflg and erection of these

units The Project
is confident that these steps

will achieve the desired goals
and we look forward

to reporting
the support of this project

after these

units are placed into operation

IPI 1_001491



______ ATTACHMENT

.J1 Utility Data Institute Inc
Christopher Bergesen Manager Business Deve1opmcr

3une 30 1983

Mr James Anthony
Intemountain Power Project
111 North Hope Street
P.O Box 111 Room 931
Los Angeles California 90051

Dear Mr Anthony

This letter and the attached table constitute Utility
Data Institutes UDI report on its survey conducted to
establish the emission limitations for nitrogen oxides NOx
contained in the PSD permits that have been issued for
bituminous coalfired steamelectric generating plants The
survey covers all power plants that received PSD permits
through early June 1983 To get the information reported in
the attached table UDI reviewed numerous PSD permits and
cpntacted USEPA regional offices states and utilities

Please contact me with any questions or continents

Very truly yours

2011 Street NW Suite 700 Washineton DC 20006

202/466-3660

IPI 1_001492
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1ti1ILt1MLLfj
eLACK VEATCH

O2CA1DUM JU1 i1983

Int.rmoitain Power Pro3ect $1V Pro.ct 9235

Int.risoti Cenersting stion IV Iii 14.0200

90 end 93 sr Cent 502 Zaaoval Costs 32.0400

Per Ton of emoved 41 1007

July 1983

LL.e1on

Tram Swenson

An analysis of the cost of S0 renoval for Units end at the

Tnt-mountain Generating $caton isis been performed The coats of flue

ps desulfurisation PCD per ton of
SO2

removed fo- the .Zntermountain

Generating Station are shown on Table for 90 per cent end 95 per cent

502
removal The. costs are presented in ttal levelized annual

1986 dollara per ton of.503
removed end increasnta1..Ievelizedanual

1986 doll-irs per additional ton of S0 removed by retrofitting for

95 per cant design 502
removal prior to corc.ial operation The total

levelized annual costs is the of the total capital cost end the

cepitalited perat1n$ costS multiplied by the levelized annual fixad

chare.rate Total capital costs fo the 90 per cent
$02

removal syste

in this table were takc tree the Mr Quality Control System Contract

Estimate Sry farch 18 1983 The equipment in this capital cost

estinite includes limestone receiving end storage equipment limestone

additive preparation equipment flue gas desulfurization equipment

including flue gas reheat lCD waste separation and storage equipment

lCD ductrk and ampe lCD piping end valves lCD electrical end control

equipment and lCD structures including foundations and support steel The

total lCD system operating costs were calculated with an Air Quality Control

System cost estimating progiam using the Intereountain Generating Station

IPI 1_001498



JUL 11983

Intermogtajn Power Project IV Project 9255
Xuteraotgit.in Generating Station July 1913
90 and 93 Per Cent $0 anova3 Coat

Par T4n of
$02

1.aoved

operating conditions and fuel data The equivalent differential capftal

cost with 95 per cent SO2 rsaoval syete retrofitted prior to coaasrcial

op.ratior was taken froTab3.e 4-2 of the Jze 17 3933 special report

Cost Aiialysis of Various WO and
$02 Control rechnologies for the

Intermoitajn Power Project The inersaentui levelized annual coat

is the equivalent diff.riria1 capital coat for 95 per cent
$02

renoval

aultiplied by the livelized annual fixed charge rate

dlv

At tscbasn

IPI 1_001499



TAILZ COSTS ZR T0 10 OVZb P01 90 AP 93 PZR 1T 10 MOVAL
ThCLV1G CAPITAL LID ANNUAL COSTS

Vnit _______
S/ton

Total Plus Ga Desulfurigation CDIt

Par Ton of 302 saavsd

902 Pmva1 23.2 thussnd tons 1500 1000 1260

102 reved per year par wait

952 Rsaoval 24.5 tbousd tonq 3933 3733 3880
102

r.v.d par yast p.r iatt2

Inctenta1 Tlue Gas Deaulfurization

Cost Psr Ton of Mditional 10

laaovsd

952 Removal 1.3 thousand tons 48200w 53000 50600
additional $02 temovsd per year

per

Costs irs in 1vslissd .nua1 1986 dollars

Retrofit for 93 psr csnt dewi$n SO2
removal prior to

coertea1 operation

Includes rep1.ac.nt power cost for 18 month d.lay

IPI 1_001500



JJNIIU IAI tNVItUNMflAL PRUTLTIUN ANLT -fl1NT

DA1E 1S78

SUIJECT BACT Information for Coal-fired Power nts

Walter Barber Director

Officof Air Quality Plann Sta ards MD-b

TO Director Air Hazardous Materials Division Regions IX

Currently there seems to be some confusion regarding how much
information is required in order to make BACT determinations for power
plants Such confusion has created situations where one Region may have
conditionally approved power plants construction plans while another
would not This memo .is intended to provide an example of the type and
amount of information required from power plant applicants in order to
determine ihether the source is applying BACT

Under the new PSD regulations BACT is necessarily decided on
caseby-case basis after weighing relevant socio-economic costs and
environmental impacts Consequently information must now be submitted
by P50 source describing its plans for control equipment in sufficient
detail so as to define the plant-specific BACT limit As indicated in

separate guidance for making casebycase BACT determinations the
utility is also required to demonstrate that the proposed controls are
not less stringent than the applicable NSPS and that more stringent
control alternatives are not appropriate

While the new PSO regulations require reasonable degree of
assurance that the source can and will install BAd they also permit
the Agency to establish system for initial BACT review followed by
more detafled control equipment analysis While such system does not
relieve the source from its responsibility to demonstrate to the Agency
that it is applying BACT it does act to streamline the review process
and minimize the delays incurred by power plants which cannot supply
ultimate equipment designs and blueprints at the time that permit to

Construct is secured This system will also provide the utility with
sufficient flexibility to take advantage of expected improvements in

control technology

The key question then becomes how much information is necessary to

establish the BACT limit during the initial preconstruction review In

general the information should include the preliminary engineering and

plant design criteria which will constitute the basis for soliciting and

reviewing vendor proposals for control equipment In addition an

example should be included which specifies how the preliminary design
criteria would be applied to the particular plant in question or to

similar facility where the design has been completed and the exact
detailed specifications are available Where utility has not settled

on single control system It may submit alternatives for review

I32 REV -7S

IPI 1_001501



Attachment is provided as an example of the type of information

which can be used both to define specific BACT emission limit and to

assess whether the plant can be reasonably expected to meet this limit

Power plants can be permitted when this initial information confirms

that BCT will be employed and that the applicable ambient constraints

will be met This approach must be conditioned on the companys later

submission of final detailed engineering design specifications prior to

commencement of construction of the control equipment While the final

engineering design and vendor specifications will vary from the preliminary

information the utility must show it to be equivalent in performance

and rsliability established as BACT in the initial determination These

variations may include basic changes in equipment design such as shift

from an ESP to baghouse change from lime/limestone scrubber to

regenerable scrubbing system or change in the design approach to

insuring reliability

All of the information outlined in Attachment may not be available

and is not required in all instances The reviewing authority should

seek only those data elements which are necessary to support air engineering

judçjtiicnt
that the proposed system will perform reliably at the specified

emission rates

Since the submission of the final engineering design specifications

is condition of the permit this would not constitute reopening of

the permit process and do not see the need for an opportunity for

public comment on this material However do recommend that the

approval notice contain the location and approximate time period in

which this final design information would be available

The above guidance represents some change for several Regions

Therefore am requesting that during 1979 you submit to OAQPS your

BACT determinations for SO from coal-fired power plants together with

the applicable BACT informtiOfl identified in Attachment for review

prior to ydur prejmjnary.determiflatb0
If some of your States are

making these BACT determinations ask that you send us the appropriate

BACT information before they make their final determination The above

information should be sent to Mike Trutna 629-5497 who will coordinate

ONPSs activities rcgrding these determin3tiofls in the near future

Suggestions on additions or modifications to this guidance also should

be addressed to Mr Trutna

Attachments

cc Director Enforcement Divisions Region I-X

HawLins

Rhoads

James

Reich

Tuerk

IPI 1001502



PRELIMINARY BACT INFORMATION

GENERAL INFORMATION

l.a Name of Power Plant and Parent Company

Name address phone no of company contact

Location .of Source

City ______________________
State

STEAM GENERATOR DATA

Type of boiler manufacturer51f
knowns

Sue of boiler heat input 10 Btu/hr

FUEL DATA

Provide long term averaqes and ranaes for specified short term and

long term averaging periods for the f1lowing 1-6

Primary fuel coal or oil
Start up fuel

Alternate fuels

Brief description of what fuels will be fired including

estimated percentage heat input

Solid fuel data all solid fuels to be fired

Ultimate analysis as burned by weight sulfur

also include chlorine ash moisture and gross heating

value Btu/lb
Estimated resistivity of particulate as function of gas

temperature if known
Estimated ash analysis by weight dry

Particle size analysis for ash

Liquid fuel data all liquid fuels

Type and grade

Density lb/gallon
Gross hating value fltu/ciallon

Ash content percent byweight
Sulfur content percent by weight

Nitrogen content percent by weight

Moisture percent by weight

Will additives by used If so furnish data on chemical

cornpsitiOfl and approximate quantitites percentage of

LoL11 tuul to be used
Is contract signed for the coal If no contract is signed

we would need the information for questions 1-6 for all coals

that are being contemplated for usage and percentage usage where

coals are to be blended

Mote that not all information may be available in all cases Information

requirements should be adjusted as appropriate to fit tne circumstances

of the applicant at time of prrnit application
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PRECIPITATOR DATA

Part Preliminary design or design criteria

Design emission rate lbs/mBTU for particulate matter before

and after proposed controls

Total.gaS flow from steam generator at full load and at ESP

operating. temperature ACFM

ESP operating temperature range

Number of separate ESP modules under consideration

Approximate specific collection area SPA

Number of separate electrical sections for each module under

consideration

Type of power control and instrumentation

Estimated linear velocity of gas through each module at full

load actual feet/sec or range of acceptable velocities

Briefly describe techniques used to ensure uniform linear

velocity within ESP

10 Nature and terms of performance guarantee

11 Briefly describe system used to remove and convey collected

ash to final disposal

Part II Reference plant example

General flow diagram for the precipitator

Provide design criteria or preliminary engineering data for the

major elements ofthe ESP for the particular plant under

consideration or similar plant where the major elements have

been designed and detailed specification are available
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BAGHOUSE DATA

Part Preliminary design or design criteria

Design emission rate lbfmBtu for particulate matter before

and after proposed controls

Estimated total gas flaw from steam generator at full load arid

at baghouse qperation temperature ACFM

Baghouse operation temperature range

Number of separate baghouses

Number of isolated compartments per baghouse

Design criteria for air to cloth ratio or range of acceptable

ratios Cloth area divided by total ACFM

Cloth description

Type of bag cleaning under consideration and subsequent cleaning

controls

Strategy for detecting and replacing faulty bags

10 Description of ash handling arid disposal system

11 Nature and terms of performance guarantee

..1.1
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Part II Reference plant example

General flow diagram for the baghouse

Provide design criteria or preliminary engineering data for the
iuijor elenicrits of the baghouse for the particular plant under
consideration or similar plant where the above elements have
been designed and detailed specifications are available

SULFUR DI0XIDESCRUBBER DATA

Part Preliminary design or design criteria

Design emission rate ib/UEI Btu of 502 before and after

proposed controls

Design data or criteria for the scrubber modules to include
scrubber type TCS spray tower etc
absorbent type

possible scrubber liquor additives e.g mg
prescrubber design criteria or acceptable ranges for hg
inlet and outlet chloride etc
design criteria for acceptable ranges for inlet and oulet

gas flow and temperature and volume percent H20 and SO

specific design criteria or acceptable ranges for iquid/ga
ratio

estimated scrubber gas velocity

design criteria or acceptable range for scrubber inlet and
outlet pH

design criteria or acceptable range of pressure drop across
the scrubber inches of H20

For turbulent contact absorber TCA also supply
design criteria or acceptable ranges for diameter of spheres
design criteria or acceptable ranges for the height of

sphere in TCA

design criteria or acceptable ranges for number of grids or

screens in TCA

Indicate total number of scrubber modules and number of spare
mothi ts during maximum boiler od fly

What special precautions will be taken with module internals

and other ccrnponents pumps mist eliminators fans etc to

ensure that corrosion scaling and plugging does not cause failure

of the systernu

What special precautions will be taken with the control

systems e.g spare probes probe site location probe sheaths

backup instrumentation to ensure that failure will not lead to

excess emissions or fouling of components via scaling
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How will other key variables such as process stochiometry

liquid to gas ratios hg etc be monitored to ensure

good operations

Indicate which key components of the scrubber will be spared

e.g pumps fans nozzles etc

gY Location and mechanism of reheat auxiliary fuel requirements

and percentage of exhaust gas reheated If reheat will not be

performed indicate what measures are being taken to eliminate

stack corrosion or provide data to verify that stack corrosion

will not be problem area

10 Outline routine maintenance and inspection procedures for the

scrubber system hardware to ensure continuous and reliable

scrubber performance

11 Describe the general design standard for the material to be used

and type of mist eliminator system and describe the techniques

under consideration to guarantee uniform gas distribution across

the mist eliminator and to the scrubber modules

12 Nature and terms of performance guarantees

Part II Reference plant example

General flow diagram of the scrubber system including mix tanks

prequench section scrubber modules mist eliminator and reheat

General design standards for materials to be used to construct

above elements

Provide design criteria for the major scrubber and system

components e.g pumps tanks alkali handling systems etc
for the particular plant under consideration or similar

plant where the above items have been already designed and

detailed specifications are available

Other Sulfur control methods

Description of control method

II Amount of sulfur removal credit

These other sulfur control methods are those designed to augment 502

scrubbers in order to achieve given rate of removal An example

of such method would be coal cleaning
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STATE OF UTAH
Attachment

James Mason M.D Dr.P.H

ecutive Director

801-533-6111

Mary Maxeli Ph.D Acting Direct
Room474 801-533-6121

An Equal Opportunity Employer

II Date of Next Meeting

III Minutes of Subcommittee Meeting April 15 1983

Minutes of Regular Committee Meeting April 15 1983

IV Variance Requests
Initial

Provo City Power
Steel

Appointment of Hearing Officers

VI Update on AntiTampering Program

VII Update on EPA SIP Actions

VIII Other Business

DEPARTMENT OF HEALTH
DIVISION OF ENVIRONMENTAL HEALTH

150 West North Temple P.O Box 2500 Salt Lake City Utah 84110-2500

DIVISIONS

Community Health Services

Environmental Health

Family Health Services

Health Care Financing

OFFICES

Administrative Services

Community Health Nursing

Management Planning

Medical Examiner

State Health Laboratory

UTAH STATE DEPARTMENT OF HEALTH

UTAH AIR CONSERVATION COMMITTEE MEETING
MAY 23 1983 130 P.M

AUDITORILtvI WILDLIFE RESOURCES BUILDING
1596 WEST NORTH TEMPLE SALT LAKE CITY UTAH

TENTATIVE ANDA

Call to Order
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Attachment

Scott Maihesori

Gov9rnor

STATE OF UTAH

DEPARTMENT OF HEALTH
DIVISION OF ENVIRONMENTAL HEALTH

ISO West North Temple P.O Box 2500 Salt Lake City Utah 84110.2500

Mary Maxell Ph.D. Acting Director
Roon474 801-5336121

May 11 1983

James Mason M.D Dr.P.1

Executive Director

80i-533-61i1

MEMORAtDL TO Utah Air Conservation Committee

DI VISIONS

CommuniiyHralthSeraces FROM Brent Bradford Executive Secretary
Environmental Health

Family Health Services

Health Care Financmg SUB.JECT Air Conservation Committee Meeting
May 23 1983

OFFICES

Administrative Serwces

CornmunuyHealzh Nursing

regular meeting of the Air Conservation Committee has been

.7raiory scheduled for May 23 1983 at 130 P.M in the Wildlife
Resources Auditorium 1596 West North Temple Salt Lake City

Attached is tentative agenda for the meeting

The hearings for the SIP and regulation changes adopted by the
Committee at the April 15 1983 meeting have been scheduled for

3une 1983 Seven hearings will be held simultaneously that

day in each Association of Government area in the state

You will find included in the mailing this month good deal of
material related to acid rain impacts NOx emissions etc
This information has been provided by Sherman Young Mr Young
is interested in providing the Committee information related to

acid rain as input to any decision that may be made relative to

PP

The staff has reviewed the information submitted by IPP at the

last meeting and sumary memo of that information is included

as required by the Committee

You will note that the IPP issue is not on the agenda for the

May meeting The staff is currently gathering additional

information necessary to make BACT determination on the IPP

application for modified source When the preliminary BACT

determination has been made we will then have something
concrete to discuss

If you have any questions please contact me

BCB/ads

2957
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Scott Nlatheson

Goirrzor

DIVISIONS

Community Health Sertices

En lironmenial Health

Family Health Services

Health Care f7nancrng

OFFICES

AdminWrailw Services

Comm unity Health Nursing

Management Planning

Medical Evemne
Stoic Health Laboratort

MEMORANDUM TO

FROM

SUBJECT

STATE OF UTAH

Attachment

DEPARTMENT OF HEALTH
DIVISION OF ENVIRONMENTAL HEALTH

150 West North Temple P.O Box 2500 Salt Lake City Utah 84110-2500

Utah Air Conservation Committee Members

Brent Bradford Executive Secretary Utah Air
Conservation Committee

Summary of the of IPP Document Dated April 14 1983
Submitted to the Committee on April 15 1983

IPPs submittal contains two enclosures put together by consulting
firms The first comments on problems with the California Air

Resources Board CARB guidelines for control of emissions from coal
fired power plants The second report deals with the feasibility and
cost of placing selective catalytic reduction SCR and 95% SO2
removal equipment on the IPP plant

IPP states that by submitting this data they do not concede the CARB

guidelines in any way apply to IPP IPP also states their opinion
that under the Utah Air Conservation Regulations UACR the plant is

not subject to either major modification review nor any further
control technology review IPP goes on to point out that the CARB

guidelines are not law in California IPP concluded by stating the
CARB guidelines have not been demonstrated to be attainable and the
cost to implement the CARB proposed control technology would seriously
threaten the economic feasibility of the project

Summary of Enclosure

Review of the California Air Resource Board Report Titled Proposed
Djidelines for the Control of Emissions from Coal Fired Power Plants
by StearnsRoger Engineering

Most of the StearnsRoger comments deal with the technical problems of

the CARB guidelines and are only indirectly linked to the feasibility
of the pollution control equipment Those comments are as follows

An Pnal flnnrirninitv Fi..a

Continuous emissions monitors CEMs currently available
will not reliably measure the low pollutant concentrations required by
CARB The CPRB guideline requirement that particulate emissions and

opacity be correlated and that this correlation be used to determine
continuous compliance with the particulate standard cannot be done at

such low concentrations

James Mason M.D Dr.P.H

ecutiw Director

May 13 1983
801-533-6111

5336108

Mary Maxell Ph.D Acting Director

Room474
BO1-533.612
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Page
Memo to PtCC

The limitation for particulate matter is stated in
grains/ACF rather than lb/1O6BTU and the locations in the gas train
where particulate matter and SO2 are to be measured are not
adequately specified it is also not clear whether condensibles are
to be counted as particulate matter

CARB requires that the N0 and 502 limitation be met on
three hour running average basis verses the 30 day average required

by NSPS The extra stringecy required by the three hour averaging
time and its associated costs were not considered by CPRB

No provisions were made for upset and malfunction

The major points in the report which address the feasibility of the
control technolgy are

Particulate Only about 50% of existing fabric filter
installations meet the .003 grain/ACF emission limitation and the
performance of fabric filters in terms of collection efficiency has
yet to be characterized by any relationship involving fabric filter
size or other parameters Therefore designing baghouse to meet the
lower limitation requires the application of science which does not

currently exist

After stating that the limitation could not be met StearnsRoger
estimated the additional cost to go from NSPS limit to the CARB
guic lines limit as the addition of extra filter compartments for
increased maintenance and installation of opacity meters for detection
of leaking bags

Sulfur Dioxide CPRB should have calculated the costs of

going from NSPS to 95% removal rather than 90% to 95% Combined
with the three hour averaging period 95% is pushing SO2 scrubbers
beyond their capability

Oxidesof Nitrogen Information and data upon which to

design SCR system is limited to Japanese demonstration plant
Takahara and two U.S pilot plants These data are not adequate to

design for the specifics of the CARB guidelines Many problems were
encountered in scaling up from pilot plants to the 100 KW
Takahara demonstration Specific problems were required increase in

catalyst to reduce ammonia slip and blockage of the catalyst with dust
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CARB misinterpreted some cost reports and ignored the fact the spent
catalyst may have to be disposed of as hazardous waste This
resulted in an under estimate of costs

Summary of Enclosure

Intermountain Generating Station 95% SO2 Removal and Selective

Catalytic Reduction of NON To Nelson from R.W Dutton

This memo gives brief review of how 5CR works and what would be

required to install the equipment at IPP If decision to put SCR on

IPP was made on .June 1983 an 18 month delay to the project would

result The memo then reviews the SO2 scrubber stating the present

design is for 90% removal on 30 day average and that this level is

the upper limit which scrubbers are able to achieve on continuous
basis Removal efficiency above 90% on continuous basis has not

been demonstrated The major obstacle to higher efficiency on

continuous basis is the inability to overscrub to make up for periods
of reduced efficiency due to comppnent failure etc In order to

estimate the cost for 95% removal the memo uses SO2 scrubber

designed with nine modules five on line necessary to meet 95%

removal two on standby and two under maintenance The present

design has six modules four on line to meet 90% one on standby and

one under maintenance An 18 month delay to the project would result
from change in the SO2 scrubber design at this time

The memo then calculated how 18 month delay would cost approximately
billion dollars due to additional interest and replacement power

costs The capitol cost of the equipment is cited as 236 million for
5CR and 108 million for 95% scrubber Operating costs listed

as Capitalized Operating Cost are given as 784 million for SOR and

165 million for 95% SO2 scrubber

NOTE The above are only brief summaries of the information 1FF
submitted The staff has not reviewed this information for its

accuracy and at this time neither agrees or disagrees with the

content of the submittal

DK/JW wml
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